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Whether it’s a case of cleaning the mud from a Mel- 
bourne wharfside or speeding up the handling of 
cargo at Calcutta, Priestman equipment is the obvi- 
ous (and nowadays almost automatic) choice. 
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Priestmans have the most efficient—most depend- 
able—answer to most of the problems which beset 
the Dock and Harbour Authority. Seventy five 
years of round-the-globe experience must tell! 
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Manufacturers of dredging and cargo handling equipment for seventy-five years 


PRIESTMAN BROTHERS LIMITED, HOLDERNESS ENGINEERING WORKS, HULL. 
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Editorial Comments 


Ports of Bremen and Bremerhaven. 

Our leading article this month by Dr. Ing. Lutz is a descrip- 
tion of the rehabilitation of the docks at the Free Hanse Town 
of Bremen. Many of these docks were almost totally destroyed 
during the Second World War and the Town is to be congratulated 
on the very considerable improvements which have been achieved 
in the last ten years. 

It is an interesting fact that, although so much is immediately 
lost when a port is destroyed by enemy action. as was Bremen, 
yet this very event can be turned to advantage by the port autho- 
rities who then have every opportunity to redesign the port facili- 
ties and so bring them into line with the vost-war developments 
in world shipping. This advantage is one which cannot be enjoved 
by those ports which are generally accounted fortunate in that 
they suffered comparatively little war damage. Thus it is a strange 
phenomenon of the war that in the long run in this respect the 
victors may be more lastingly handicapped than the vanquished. 
for in destroying the docks much of the obsolescent is removed 
and built-up areas behind the docks razed to the ground, so that 
when rebuilding, these devastated areas can be used for extensions 
of the port. 

The Bremen port authorities have taken full advantage of the 
fact that thev have had to completely rebuild most of their quays, 
which have been constructed to provide a greater depth of water 
alongside. A devastated residential area adjoining the Free Port 
was acquired by the Town to provide more warehousing space, 
and adjacent roads have been widened and parking areas en- 
larged; the railway facilities have also been considerably extended. 
The most modern ancillary equipment has been provided for the 
soeedy handling of cargo and the quicker turn-round of ships. 
The cranes especially are noteworthy for their economy of design. 

It is to be observed that the Bremen authorities plan still further 
reconstruction in the near future. This is an encouraging indi- 
cation of their belief in the growth of trade using the Port. 


The Dock Labour Inquiry 

The Report of the Committee of Inquiry appointed to look into 
the operation of the Dock Labour Scheme and to advise what 
alterations, if any, should be made in it, is reviewed on page 138 
of this issue. The Committee’s most important finding is that 

None of the grave unrest that has occurred can be put down to 
any provision of the scheme that has turned out to be unworkable.” 
Having arrived at this decision, the Committee has naturally seen 
no need to recommend any major alteration to the Scheme. Their 
main proposals to remedy the present unsatisfactory state of affairs 
are (1) that the Board should make a greater contribution to the 
cure of the malady; (2) that the Employers should enter into the 
spirit of the Scheme and not abide only by its letter: (3) that the 
rade Unions should appreciate that the Scheme is more than an 
itrangement for the benefit and protection of the labour force: it 
is also a compact; and (4) that “ the ideal is that both sides should 
pool the ideas they have for keeping the labour force contented and 
lappy.” The Committee believes, too, that an important part of 
‘he cure for the industry’s ailment is that the Employers should 
ittempt to capture the men’s pride in the industry they serve and 
neir sense of loyalty “ as partners.” 

These proposals may be good long-term policy but they are cer- 
‘ainly not practical remedies likely to be effective within the work- 





ing life of present-day port officials. The fact is that the Scheme 
in its present form is not shaped to prevent irresponsible action. 
The organisation of a big and important labour force must be a 
tight one and that set up in the existing Scheme is not. It is cer- 
tainly not possible to obtain the co-operation of a large body of 
individualistic men like the dockers, unless the recalcitrant element 
can be brought to task. One big weakness of the present Scheme 
is that the disciplinary machinery is not effective and that, in turn, 
is due mainly to the variety of roles Trade Union officials are called 
upon to play. They must be part-managers of the labour force, 
protectors of their members’ interests and also both judge and 
advocate of men charged with breaches of discipline. 

The Committee acknowledges this but believes these duties not 
irreconcilable, if there is the proper approach by all the interests 
involved. “If the Employers will embrace the Scheme in the spirit 
of an active working with the unions for the fulfilment of a common 
purpose,” they state, “ we think it is imperative that the Trades’ 
Union leaders should meet them more than half-way.” 

Most people concerned with improving the efficiency of the in- 
dustry will find the Report unrealistic. Its subject is the activities 
of human beings, most of whom are activated by personal motives, 
being mainly concerned with their immediate earnings. Experience 
has shown that the responsibilities the Scheme has thrown on Trade 
Union officials, besides being very heavy, include serving two 
masters. Employers are human beings, too, and for eight years 
have been suffering from a feeling of frustration. 

We cannot agree with the Committee’s fundamental finding that 
“None of the grave unrest that has occurred can be put down to 
any provision of the Scheme that has turned out to be unworkable.” 


The Use and Misuse of Radar. 


The recent disastrous loss of the s.s. “ Andrea Doria” has once 
again focussed attention upon the interpretation of the imazes 
produced on the radar viewing tube, and upon the overall value of 
radar as an aid to navigation. It is pertinent that the Minister of 
Transport has recently announced that in the two years ended 
31st May, 1956, sixteen collisions had occurred in the English 
Channel and North Sea, and that in eleven of these cases radar 
was carried in one or both ships. Excessive speed may have been 
a factor in only two of the cases. The figures quoted refer only 
to those collisions where one of the ships was British and at least 
of 5,000 tons gross tonnage. Although the Minister’s statement 
gives no detail of the part played by radar in the eleven casual- 
ties, there is little doubt that a false sense of security can be given 
by radar when it is used as a means of, rather than as an aid to, 
navigation. It is generally concluded that in such cases there is 
a “ misuse ” of radar by one or both ships, but it is not generally 
realised how very methodical and accurate must radar observa- 
tions be in order to avoid this misuse. 

When it is also appreciated that radar, whether in perfect work- 
ing order or not, must frequently be adjusted to reduce wave 
reflection or random effects, and that objects must be examined at 
all ranges, it will be seen that radar appreciation at sea is a con- 
siderable subject. Some operators may be prone to what is 
described as “ radar hypnosis.” This term is intended to designate 
the fascination of an object seen on the screen on one particular 
range, with the result that the operator fails to keep an adequate 
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watch at other ranges or to supplement the radar picture by other 
techniques of navigation. 

The foregoing remarks should not be taken to imply that radar 
is falling into disrepute or is an unreliable aid, as when correctly 
used a set will unfailingly and accurately pick up any radar- 
conspicuous object. 

When shore-sited radar is used as a navigational aid, as in the 
case of an installation by a dock, harbour or river Authority, the 
interpretation of the screen images at once becomes easier and 
more reliable, and it is appreciated by radar manufacturers that 
the use of their equipment in such conditions is most efficient 
and economical. It would be a pity therefore if the publicity 
given to recent collision cases where radar was in use, should 
deter Port and Pilotage Authorities from installing radar stations 
for such purposes as the operation of a ferry service in fog, the 
location of vessels in distress, the “ talking-in ” of a piloted vessel 
or the advising of vessels requesting assistance on approaching 
the port. 


The Suez Canal. 


The confiscation of the Suez Canal by Col. Nasser, President of 
Egypt, has evoked wide-spread indignation throughout the mari- 
time world. This arbitrary seizure of an international waterway is 
an aggressive and unconstitutional act which must be countered 
without delay. 

As was stated by the International Chamber of Shipping at an 
emergency meeting held in London early this month, shipowners 
regard the seizure of the Canal by the Egyptian Government as a 
severe blow to world confidence in the international character of 
the Canal. The expropriation cannot be accepted as the domestic 
affair of any one country. They also take exception to the declared 
purpose of the Egyptian Government to exploit the Canal by 
appropriating revenues collected from international commerce for 
financing internal projects. 





Topical Notes 


Pollution of Sea by Oil. 

Mr. Harold Watkinson, Minister of Transport and Civil 
Aviation, recently made an Order bringing into operation the Oil 
in Navigable Waters Act, 1955, on September 8, 1956. This means 
that from that date it will not only be an offence, as at present, to 
put oil of any description into United Kingdom territorial waters 
and harbours, but it will also be an offence for British ships regis- 
tered in the United Kingdom to discharge persistent oil, e.g. crude 
oil and fuel oil, within a wide zone of the sea around our coasts. This 
zone includes the North Sea and the English Channel and extends 
to 40° West in the North Atlantic, about 1,000 miles west of Ire- 
land. The Act cannot be drought into operation at an earlier 
date because owners will have to instruct the masters of their 
ships, wherever they may be, in the observance of the prohibited 
zone. 

The parts of the Act which deal with prohibited zones for the 
protection of countries other than the United Kingdom are not 
being brought into operation until the International Convention 
for the Prevention of Pollution of the Sea by Oil, 1954, comes into 
force. These zones, in common with the zone for the protection 
of the United Kingdom coasts, are prescribed in the Convention, 
which has been signed subject to acceptance by twenty countries 
and has so far been ratified by the United Kingdom, Mexico, 
Sweden and West Germany. 

The undermentioned Order and Regulations will come into 
operation concurrently with the Act: 

(1) The Oil in Navigable Waters (Prohibited Sea Areas) (Pro- 
tection of United Kingdom Coasts) Order, 1956, extends the zone 
prescribed in the 1954 Convention and the Schedule to the Act to 
bring it into line with that recommended by the Committee on the 
— of Pollution of the Sea by Oil in their Report of July, 
_ (2) The Oil in Navigable Waters (Heavy Diesel Oil) Regula- 
tions, 1956, define the diesel oil which because of its persistence 
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Col. Nasser’s statement that he intends to use some of the Canz| 
revenue to build the Aswan Dam is a serious threat which woul | 
prevent the implementation of further Canal development scheme:. 
These have been planned to enable the Canal to cope with th: 
increasing demands being made upon it. At present the traffic i; 
increasing at the rate of 7 per cent. per year, and the lates! 
programme of improvements include two new by-passes and ai 
increase in the depth of the Canal to enable larger ships to b: 
handled. All these plans would become abortive if funds were 
diverted to other uses. 

Subsequent statements indicate that Egypt already is reconsider- 
ing her initial attitude concerning the Canal’s finances. The 
Egyptian Embassy in London is reported as giving an assuranc 
that navigation in the Canal would not only be maintained at its 
present level but intensified and increased. To achieve this, 
large part of the income would be earmarked for the improvement 
schemes which have already been approved. This statement is at 
variance with Col. Nasser’s declared intention, as it is certain that 
the Canal’s revenues are insufficient to finance future Canal works 
and also leave a surplus for financing other projects. 

It would appear that Col. Nasser has allowed his ambition to 
over-ride discretion as the running of such a technically compli- 
cated waterway is likely to present serious problems within a short 
space of time. Speaking in Paris recently M. Georges Picot, 
director general of the Suez Canal Company pointed out that a 
new organisation for running the Canal could not start from 
nothing. Some technical problems were known to the Company 
alone and only the help of their experts could assure the working 
of the Canal from one day to another. 

It is to be hoped that the conference which is now being held in 
London will devise means to establish an International Authority 
to watch the interests of the maritime world and of those countries 
which have built, maintained, and in the two world wars, defended 
the Canal. 


must not be discharged within prohibited zones. 

(3) The Oil in Navigable Waters (Exceptions and Exemptions) 
Regulations, 1956, make certain necessary exceptions from the 
prohibition of the discharge of oil or certain types of oil into the 
sea. Most of the exceptions are conditional on the discharges 
being made at a prescribed distance or, in scme cases, as far as 
possible from our coasts. 


Technical Convention. 


There is to be a technical convention of the International Cargo 
Handling Co-ordination Association at Trieste on September 24-26 
this year. The subjects for discussion will be: special equipment 
for cargo handling (general cargo; bulk cargoes; heavy packages: 
etc.) with special reference to direct operation from ship to rail, 
wagon or truck. Full details of this meeting are now available 
from the London office of I.C.H.C.A., at 1, Victoria Street, $.W.1. 


P.L.A. Vice-Chairman. 


The Port of London Authority at their meeting held early this 
month elected the Rt. Hon. Lord Cottesloe, T.D., D.L., Vice- 
Chairman of the Authority in place of Adml. Sir Alan Hotham, 
K.C.M.G., C.B., who has retired. Admiral Sir Alan Hotham 
has been a Member of the Authority since 1929 and was elected 
Vice-Chairman in 1955 on the retirement of Sir Douglas Ritchie. 
Lord Cottesloe was appointed a Member of the Authority in 1949. 


Reorganisation of Humber Ports. 


The British Transport Commission have decided that as from 
the beginning of August the administration of their ports in the 
Humber, viz. Hull, Grimsby and Immingham and Goole, should 
be undertaken by three separate management units, each being 
responsible directly to the Management Board for British Trans- 
port Docks. Hull Docks will be under the control of a 
Chief Docks Manager and the Commission have appointed M: 
H. L. Hopkins, C.I.E., O.B.E., to the position. Grimsby and 
Immingham will be under the present Port Master, Mr. H. M 
Mitton, and Goole under the Dock Manager, Mr. R. Buitery. 
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The Docks of the Free Hanse Town of Bremen 





Description of Post- War Developments 


By Dr. ING. RALPH LUTZ (Director of Port Construction). 


Prefatory Note. 


N article on the ports of Bremen and Bremerhaven was 
Amite in the February, 1937, number of this Journal 

and described, with the aid of a number of photographs, 

the port installations built between 1928 and 1937. The 
present article deals with the new structures and works executed 
since 1945. As a result of the recent war, fire and explosions had 
almost completely destroyed Bremen’s port installations. The 
floating cranes and the potash, coal and ore transporters, which 
were described in the 1937 article, were the only plant that could 
be kept in service after the minor damage sustained by them had 
been repaired. Since 1945, over 200 million Marks have been 
raised by the Free Hanse Town to make good the damage; even 
so, it has not yet been possible to rebuild all the installations. 


1. History. 

Bremen is the southernmost German sea-port (Fig. 1). From 
the earliest days of its thousand years’ existence, Bremen has been 
a market and sea-port town at the intersection of important inland 
traffic routes. Railways, roads, the River Weser and the canals 
branching off from it give access to the interior. 

In previous centuries, Bremen was often at pains to keep the 
waterway of the Weser in a navigable condition. For long periods 
its was not possible for sea-going vessels to reach the town. Thus, 
during 1619—1623 the first outer port, Vegesack was constructed, 
and when the condition of the river mouth subsequently deterio- 
rated still further, the port of Bremerhaven was founded in 1827 
to provide yet another outer port. The necessary land was 


acquired from the kingdom of Hanover. The settlements that 
developed around this new area continued to belong to Hanover 
and it was not until 1947 that the town of Wesermiinde, which had 
measwhile arisen out of those combined settlements, was renamed 
Bremerhaven and which now, together with Bremen, constitutes 
the Free Hanse Town of Bremen. 


During the last century, repeated attempts were made by dredg- 
ing and construction of groynes to restore the ship channel of the 
Weser between Bremerhaven and Bremen to the requisite depth. 
At the time, however, dredging methods were not far enough 
advanced to enable the silted-up river bed to be kept permanently 
clear over the whole distance, and it was not until the late eighteen- 
eighties that the Weser was finally brought under control. The 
newly constructed Free Port of Bremen was inaugurated in 1888. 
It was once again possible for the ships of regular international 
cargo services to call at Bremen. The river has repeatedly been 
deepened since then and deepening to —8.7 metres is now in pro- 
gress. When this is completed, vessels of 9.6 metres draught will 
be able to enter and leave the port of Bremen in close dependence 
on the tides. 


2. Organisation. 

The docks are the most important factor in the economic life of 
the town. The Senate of the Free Hanse Town of Bremen has 
appointed a Senator for the docks of Bremen and Bremerhaven. 
The docks, the shore road and rail communications, and the 
majority of the cargo-handling appliances are owned by the town 
which maintains and, if necessary, extends the port installations. 
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Handling and storage of goods at the docks are carried out by pri- 
vate companies; the town of Bremen participates in their activities 
in so far as it places quays, handling appliances and buildings at 
their disposal. Forwarding agents, brokers and shipowners avail 
themselves of the services of these companies. 

The Weser is subject to tidal effects which reach as far inland as 
the barrage at km. 362 on the Middle Weser. Since 1921, the 
navigable portions of the River Weser and its tributaries have been 
under the direct control of the German State. The Bremen Water- 
ways and Navigation Board is the authority entrusted with the 
dredging and maintenance of the Weser. 

After 1945, the docks which had been destroyed in the war were 
restored with the co-operation of the Chamber of Commerce and 
the firms having an interest in the port. In this work of recon- 
struction, use was made of the experience that had been gained 
with the old installations and due account was taken of the new 
conditions that had arisen. 

The rebuilding of the docks comprises every aspect of dock 
construction and operation. Some examples will be given below. 
3. Quays. 

It has already been mentioned that the docks were constructed 
around the turn of the century. The repeated deepening of the 
Weser has also been referred to. The rebuilding of the quays 
after 1945 afforded an opportunity for providing a greater depth 
of water alongside them. Of the many quay walls constructed 
since 1945, we shall here discuss the cross-sections of three in 
greater detail. 


3 (1). Columbus Quay, Bremerhaven. 


The Columbus Quay is situated on the open river, outside the 
enclosed wet docks. It will be referred to again in connection 
with passenger traffic. Fig. 2 shows the cross-section through the 
extension of the quay, which work was undertaken in 1949. The 
quay had a length of 750 m. and in order to obtain the requisite 
depth of water over a length of 1,000 m., an old adjacent 
quay was widened over a length of 250 m. by building a new 
structure in front of it. This open-fronted quay structure con- 
sists of four equal units, each 37.50 m. in length and 23 m. in 
width, and two special units at the transitions to the adjoining 
structures. For structural reasons, the pile platform was con- 
structed above H.W.O.S.T., so that a relatively high piled founda- 
tion was formed. Each quay unit is carried by 83 steel piles. These 
units at the same time serve as foundations for the bollards, which 
are designed for a pull of 100 tons over a depth of about 10 m. The 
front of the quay wall consists of sheet piling. This wall is not 
subjected to any vertical loads, the whole weight of the structure 


3 (2). North Quay, Europe Dock. 


After repeated deepening of the River Weser, the pile foundation 
of the quay built in 1888 became exposed at low tide. Bomb ex- 
plosions under water destroyed some of the piles. In 1954 the 
work of rebuilding the quay was begun, an increased depth of 
water at the quay being provided at the same time. A cross- 
section through the new structure is shown in Fig. 3. The front 
sheet pile wall is connected to the anchor wall at the rear by means 
of wire-rope ties. A gravel filter drain at L.W.O.S.T. serves to 
relieve the water pressure on the wall when the dock water level 
falls. To save steel, the anchor wall is strengthened by a rein- 
forced concrete beam. No fenders are required, as the berthing 
vessel is brought to rest by the damping effect of the water trapped 
between its side and the sheet pile wall. 


3 (3). Quay of Oversea Dock in Front of Sheds 15—17. 


A quay wall was built at the Oversea Dock in 1928, the dock 
bottom being 16.2 m. below coping level. An underwater explo- 
sion presumably occurred in front of this quay at some time 
between 1942 and 1945, and the rear sheet pile wall probably 
failed at a time when there was no water pressure on its face. This 
damaged escaped notice at the time. It was not until 1952 that 
subsidence of the paving and railway tracks developed. The work 
of repairing the quay afforded an opportunity for lowering the level 
of the dock bottom by 1 m. The damaged sheet pile wall was 
replaced by a new one of greater depth. The upper end of this 
sheet piling is secured by means of wire rope ties connected to 
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Fig. 4. Cross-section through Quay of Overseas Docks. 
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Fig. 5. Weser Station at the landward end of the Free Port Docks. 


anchor blocks located under the transit shed (Fig. 4). In order 
to avoid settlement of the shed and the crane track, in conse- 
quence of stretching of the ties, these ties were given a pre-stress 
sufficient to offset the calculated amount of stretching. The ties 
were not laid in excavated trenches, but were pushed through 
horizontal holes bored in the ground by means of drills of the type 
commonly employed in mining. The anchor blocks were concreted 
in an open excavation. 


4. Railway and Road Construction. 


It has already been mentioned that the docks were constructed 
around the turn of the century. Rebuilding operations after 1945 
presented an opportunity to widen and renew the roads, together 
with their parking and turning areas, as well as to re-lay and 
extend the railway tracks so as to conform to present-day require- 
ments. Damaged buildings standing in the way of these road and 
rail extensions were not rebuilt on the same spot. A devastated 
residential area, adjacent to the Free Port was acquired by the 
town and incorporated with the dock area so as to provide space 
for structures such as locomotive sheds and warehouses. 

The number of dock railway sidings was, and is still being, in- 
creased; the sidings for incoming and for outgoing trains are at 
he a time being extended so as to provide 600 m. marshalling 
ength. 

Formerly 80 per cent. of the goods traffic passing through Bre- 





men was conveyed by tail, the remainder being transported by 
barge and, to a less extent, by lorry. Nowadays, the corresponding 
proportions of incoming and outgoing goods traffic handled by 
these three types of conveyance are 68 : 19 : 13. Along with the 
construction of new sheds, the quays—which are equipped with 3 
or 4 quayside railway tracks—have been provided with a paved 
surface, so that road vehicles have direct access to the vessel. A 
special waiting yard for vehicles has been provided, where lorries 
can wait before and after discharging and loading. This yard 
is not in the Bremen Free Port area, but is located in a central 
position with regard to the docks for general cargo, which also 
include the Free Port docks. In 1950 a combined transit and dis- 
tribution shed for general cargo was built at the Weser Station, 
a wharf situated on the river (Figs. | and 5). This shed is con- 
nected to the dock railway system by ten tracks, two of which 
are quay tracks from which goods can be delivered both into the 
ship and into the shed, and vice versa. The ten railway tracks enter 
the shed area from the north and terminate there; road access is 
from the south, a spaeious parking and loading area being pro- 
vided on this side. In addition, a road runs parallel to the land- 
ward side of the shed and is equipped with loading bays along a 
platform at the rear of the building. Another road is provided 
between the above-mentioned quay tracks (which are laid flush 
with the quay surface) and the water’s edge; this road is straddled 
by the cranes, which can serve the ship, the road, the railway 


























Fig. 6. 


New Quay Cranes as supplied during 1954/56. 


tracks and the loading platform of the shed. It is thus possible 
to transfer goods from one form of transport to another. In the 
Weser Station at Bremen (Fig. 4) the various forms of transport— 
barge, sea-going vessel, railway wagon and road vehicle—have been 
brought together in one intercommunicating system. 


5. Electrical Equipment of the Free Port Docks. 
5 (1). Electric Supply. 

The electric supply installations of the docks had been very 
largely destroyed. During the first few years after the war, which 
were years of improvisation, all the cranes that were still service- 
able (these cranes being equipped for a 440-volt D.C. supply) were 
concentrated at the Oversea Dock. At the time it was decided 
to abandon the use of D.C. at the Free Port docks, the Weser 
Station and the grain handling plant, and to adopt 380-volt three- 
phase current. It was proposed also to equip the cranes with 
three-phase motors. The conversion of the port’s equipment to 
three-phase current was thus carried through stage by stage as the 
work of reconstruction proceeded. Old D.C.-operated cranes 
were adapted to three-phase operation by having selenium type dry 
rectifiers fitted to them. This provides a workable transitional 
solution. 

All the transformer stations are controlled and supervised from 
a central switching station. The electrical system of the docks has 
three connections with the town mains supply so as to ensure maxi- 
mum reliability. The Free Port docks are operated by a private 
company. 

5 (2). Transit Shed Lighting. 

Exposed strip type low-tension fluorescent lighting, installed at 
a height of 5 m., has been adoptd for the sheds. The superior 
quality of this lighting (uniformity, absence of dazzle), and its 
economy as compared with incandescent bulb lighting, was estab- 
lished by tests. 

Sodium vapour lamps have already been used for a fairly long 
time to light jetty heads, bridge piers, etc. The quays are lighted 
from columns spaced at distances of 35—40 m. and installed on 
the roofs of the sheds, the mounting height being 17—19 m.; each 
lantern is equipped with two 260-watt lamps. In this way a high 
degree of uniformity of lighting is obtained. 


6. Cargo Handling Equipment. 
6 (1). Cranes For General Cargo. 


During the first few years after the war, one had to manage as 
best one could with the few cranes which had remained intact or 
which had been assembled from parts taken from several damaged 
cranes. By 1947 there were 109 cranes back in service in the 
Free Port area of Bremen. Apart from a few exceptions, it was 
not until 1948, when currency reforms were introduced, that any 
new equipment could be procured. Three different cranes having 
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been installed as trial cranes in 1950, 59 more general cargo crates 
for Bremen and Bremenhaven are to be supplied during 1954-1956. 
The cranes dating from the period between 1920 and 1938 are of 
cumbersome and costly construction, and it wag necessary to 
develop simpler and more suitable types. These considerations led 
to new ideas on crane design, which had to be verified by con- 
structing trial cranes. Fig. 6 shows cranes as supplied during the 
1954/1956 period. The considerable saving in structural weight 
and the space-saving design of these cranes prove that the tests, 
consisting of the erection of trial cranes and observation of their 
performance, were justified. 

A total of 62 general cargo cranes have been supplied since 
1945, 55 being of the semi-portal type with a radius of 20 m. and 
a lifting capacity of three tons, together with three portal cranes 
of 20 m. radius and three tons capacity and 4 portal cranes of 32 m. 
radius and four tons capacity. Although these cranes were supplied 
by several different makers, they were standardised in so far as 
their electrical equipment and a great many of their mechanical 
parts particularly liable to wear and tear were concerned, such 
parts being interchangeable; this is likewise true of the driving 
mechanism as a whole, in the case of the 55 semi-portal cranes. 
Only two sizes of electric motor have been used in these latter 
cranes. The portals of these cranes are so constructed as to allow 
adjustment to different track gauge widths. Three different gauges 
for semi-portal cranes are used in the Bremen docks. Thanks to 
the above arrangements, it is possible to manage with a small stock 
of spares and to interchange cranes, both within the docks of 
Bremen itself and between Bremen and Bremerhaven. 

A further new feature is that cranes mounted on only three track 
wheels, instead of four wheels as was formerly usual, have been 
installed. The advantage of this system is not only that there is 
less overhead restriction of space on the quay, but also that the 
crane track is of simpler construction. Subsidence of the tracks 
due to settlement of the ground will not set up harmful secondary 
stresses in the crane portals. 

Besides the rail-mounted cranes for general cargo, three float- 
ing cranes have been provided. One 60-ton floating crane has 
been converted to diesel-electric drive. At present, five floating 
cranes of up to 150 tons lifting capacity are in use. 

In addition, six mobile multi-purpose cranes have been put into 
service. They are used for quayside loading and unloading and 
for serving the six-storey warehouses at times when the goods lifts 
installed in these buildings are overloaded; they are also used for 
the rehandling of the goods in the storage areas situated behind 
the quay. They have a lifting capacity of two tons with single- 
rope operation at a radius of 18 m. By changing the jib, these 
cranes can be converted either for operating with a grab or for 
general cargo handling. They have up to 10 tons lifting capa- 
city at reduced radius. With their jibs collapsed, these cranes are 
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allowed on the roads. They can travel 
at speeds of up to 15 km. per hour and 
are driven by diesel engines. 


6 (2). Railway Sidings. 


For the haulage of railway wagons 
during cargo handling operations, cap- 
stan windlasses have, so far, chiefly been 
installed. Provision has been made for 
the increased lorry traffic in the dock 
area by paving the quays. In order to 
obtain an unobstructed surface for the 
lorries, the use of capstans was aban- 
doned in favour of shunting winches, the 
winches themselves being housed in 
winch chambers under the loading plat- 
forms of the sheds. The guide rollers for 
the haulage ropes are capable of being 
swung back below quay surface level 
when not in use; their base plates are 
then flush with the paving and can with- 
stand loads due to the passage of lorries. 
The adoption of shunting winches in lieu of the capstans that have 
hitherto been employed has not only eliminated obstructions to 
lorry traffic, but also provides a greater measure of safety for the 
operator. Whereas the assistance of a helper is necessary for deal- 
ing with the coiled rope at a capstan, the shunting winch needs only 
one attendant to operate it. A sliding coupling in the winch ensures 
that the maximum pull in the haulage rope cannot exceed two tons. 
A single winch is sufficient for serving two tracks, whilst quays pro- 
vided with three tracks are equipped with dual winches. The 
winches are located at distances of about 100 m. The collapsible 
guide rollers belonging to the winches are located on the quays, at 
approximately 30 m. intervals, between the rails near the tongues 
of the switches. 





7. Cargo Handling Installations. 

The handling of general cargo and grain, as well as the operation 
of the passenger terminal, is in the hands of one company. 
Materials such as coal, ore and potash, which are shipped through 
the port of Bremen, with such frequency that it is economically 
justifiable to provide special installations for dealing with them, 
are handled by other companies at quays equipped with special 
appliances. 

7 (1). Installations for the Handling of General Cargo. 

General cargo is handled almost excusively in the Free Port 

area and at Weser Station. In this connection, the term “ general 


cargo” refers not merely to individual consignments, but also to 
goods shipped in batches, e.g., cotton, cement and finished pro- 

















Fig. 8. Warehouse in Bremen’s Free Port. 








Fig. 9. Grain handling plant at Bremen. 


ducts of the steel manufacturing industry, as well as motor cars, 
etc., up to one million tons being handled yearly. 

The Free Port and Weser Station docks are provided with 264,000 
sq. m. of transit shed area together with warehouses covering an 
area of 73,700 sq. m., and located in favourable positions as re- 
gards transport to and from the transit sheds (Figs. 7 and 8). The 
importance of the Weser Station for the distribution of general 
cargo has already been referred to. 


7 (2). Wine Handling Installations. 


The town of Bremen is an important centre of the trade in foreign 
wines and spirits, especially French red wines and Jamaica rum, 
besides being the manufacturing centre of German vermouth. 

Wine silos, into which ships can discharge their cargoes direct 
are situated close to the quayside. In addition, extensive storage 
areas, silos and refrigerating plants for the treatment of wine are 
provided in the immediate vicinity of the quays. A storage 
capacity of approximately 170,000 hectolitres is available within 
the docks. The wine companies have an experienced staff of skilled 
workers at their disposal. 


7 (3). Grain Handling Installations. 


Considerable quantities of grain are imported through Bremen, 
which not only supplies northern Germany with fodder grain, but 
also handles a large proportion of the bread grain used in Ger- 
many. The port has a storage capacity for 155,000 tons of heavy 
cereals, of which the huge grain handling plant shown in Fig. 9 
can alone hold 75,000 tons. This plant is one of the largest in- 
stallations of its kind in Europe; it has a discharging capacity of 
1,500 tons per hour. In addition, several floating crane elevators 
are available in the general cargo docks: each of these machines 
can handle 200 tons per hour. 


7 (4). Cold-Storage Facilities and Fruit Handling Plant. 

In course of time it again became possible to provide special 
sheds for the handling, sorting and auctioning of fruit. Thus, 
Bremerhaven has a banana handling installation equipped with 
four belt conveyors having a capacity of 1,800 bunches per hour. 
Bremen has fruit sheds comprising some 30,000 sq. m. of storage 
area, some of which are provided with permanent heating plant, 
whilst others can be heated with steam supplied by locomotives 
brought alongside for the purpose. 

Bremerhaven has 5,400 sq. m. of cold-storage capacity, and the 
Bremen docks have 4,000 sq.m. This capacity is capable of being 
increased by 12,000 sq. m. 


7 (5). Oil Handling Plant. 


The oil refineries and storage tank companies established at 
Bremen and Bremerhaven maintain 560,000 cu. m. of tank capa- 
city; of this, 320,000 cu. m. is at the Bremen-Farge oil storage 
area, where vessels of up to 31-ft. 6-in. draught can discharge their 
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At Bremerhaven 33,000 cu. m. of tank capacity is avail- 


cargoes. 
abl behind the Columbus Quay, from where ships mooring at the 


quay can be supplied with fuel oil. The Mobiloil Company, the 
largest of the oil refineries established in the area, has 182,000 cu. 
m. of tank capacity. 


7 (6). Potash, Coal and Ore Handling Facilities. 


In 1945 the damage sustained by the equipment for bulk cargo 
handling was not so extensive as that sustained by the other port 
installations. The existing plant for the handling of saltpetre, 
potash, coal and ore were repaired; no modernisation was neces- 
sary. The potash handling plant, which deals with export cargoes 
has 100,000 tons storage capacity. The potash in the storage 
bunkers is loosened by six scrapers provided for the purpose. 
Trans-shipment can also be effected directly from barges or from 
railway wagons. 

A total of 23 cranes and transporters with capacities ranging 
from 5 to 60 tons are available for handling coal and ore. These 
appliances include two heavy wagon tipplers. 

Saltpetre can be trans-shipped directly from barges or railway 
wagons or, alternatively, it is passed through intermediate transit 
storage sheds. All the installations are well equipped with weigh- 
ing appliances. Ample rail access is provided. 


7 (7). Timber Handling Plant. 


Three docks are reserved exclusively for timber handling and 
certain portions of other quays are also used by some timber firms. 
These latter installations comprise not only timber storage yards 
but also wood-working plant. Timber is imported chiefly from 
the Scandinavian countries, Eastern Europe and Africa. Approxi- 
mately 250,000 sq. m. of covered shed area and factory space in 
the port have been rebuilt. 
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Fig. 10. Columbus Quay, Bremerhaven, 
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7 (8). Passenger Traffic. 

It was difficult to revive Bremerhaven as a port of call for pi 
senger steamers. The Columbus Quay, which was used for t 
purpose prior to 1939, had not sustained damage, but the buildin 
had been burned down. Besides, the German passenger vess 
fleet no longer existed. After the transit halls for passengers hi 
been rebuilt, with ample iail and road connections (Fig. 10), it w 
once again possible to get overseas shipping companies intereste 
in the port. Passenger traffic has developed satisfactorily, ai 
Bremen has succeeded in regaining its former position as Ge 
many’s leading passenger port (Table 1). With the prese: 
facilities, five passenger steamers can be dealt with at the sam 
time. Adequate crane capacity is available. Covered gangway 
connect the ships with the passenger terminal buildings. 


7 (9). The Fishing Harbours. 


Bremen’s fishing harbours are located at Vegesack and Bremer- 
haven. At the former, the Bremen-Vegesack Fishing Company 
the owners of Germany’s largest fishing lugger fleet, has 500 m 
length of quay, with the necessary plant and installations for deal 
ing with the catch (Table 2), as well as extensive fitting-out facilities 
for their vessels. 

Bremerhaven is still the largest fishing port on the Continent. 
Directly behind the quay are the auctioning sheds, covering an 
area of 26,000 sq. m., where the fish is unloaded and where the 
auctions are held. Behind these are situated packing sheds with 
an area of 51,000 sq. m. Cold-storage buildings with ice-making 
plant, fish meal factories and canning factories complete the equip- 
ment. There is also enough space available (Fig. 1) for extending 
the water area and the shore installations. 


8. Shipyards. 
Fire damage and dismantling of installations had brought the 
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.ctivities of the shipyards to a standstill. After experiencing con- 
iderable initial difficulties, 14 shipyards are now working again in 
the Bremen area. At Bremerhaven, Germany’s largest graving 
dock (335 m. x 35.2 m.) is in operation. It can accommodate 
vessels with draughts of up to 11 m. There are, furthermore, a 
number of floating docks, one of which has a length of 181 m., a 
clear width of 27 m. and 9 m. depth of water. in addition, the 
equipment includes numerous slipways, building slips and floating 
cranes of up to 150 tons lifting capacity. 


8 (1). Volume of Cargo Handled. 


It can be said that the volumes of imports and exports handled 
at Bremen and Bremerhaven have been up to the present roughly 
equal (Table 3). In 1955, imports exceeded exports by some two 
million tons. In recent years, the volume of cargoes passing 
through the port has reached a fairly constant value corresponding 
to the present-day level of international goods traffic. It is, un- 
fortunately, not yet possible to bring the territories formerly served 
by the port, and now situated in Kast Germany, back within the 
port’s sphere of commerce. The sealing-off of these territories 
has been a severe blow to Bremen. They are important not only 
with regard to overseas trade, but also as an outlet for the sale of 
fish. In 1938 they were among the chief markets and sources of 
supply for the port’s trade. 


8 (2). Future Prospects. 


Since 1945 Bremen has striven to the best of its financial ability, 
to revive its trade and rebuild its harbours. The experience gained 
in former years has been utilised in carrying out the work of re- 
construction. In this connection, the railway and road facilities 
within the port area have been extended, and access has been 
improved. The River Weser, which forms the waterway which 
links Bremen with the sea, is being deepened. It is intended to 
reinstate the port and its installations, according to requirements 
and to restore them to their pre-war extent. The work of deepen- 
ing the Middle Weser to accommodate 1,000 ton vessels is making 
good progress and will be completed by 1960. Bremen will make 
every effort to ensure that its links with the interior by way of 
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Port Operation and Information Service 


By COMMANDER J. ANDREW, M.B.E., R.D., R.N.R. 
(Harbour Master Southampton) 


The steadily increasing tonnage using the Port of Southampton, 

and the marked post-war development that is taking place, have 
influenced the Harbour Board to introduce a Port Operation and 
Information Service to safeguard the interests of navigation within 
the Port area. The build up of this service is a gradual one and 
an interesting new addition is the Harbour Patrol Launch “ S.H.B. 
Triton” which has recently been completed at the Woolston Yard 
of John I. Thornycroft and Co. Ltd. 
_ A continuous patrol of the Main Navigable Approach Channels 
is maintained with a responsible officer holding a Master’s Certifi- 
cate in charge. An inspection of the channel is carried out before 
a large vessel enters or leaves the Port and the Patrol remains in 
attendance whilst the vessel is in the approach fairway. Large 
vessels must proceed at a reasonable speed to maintain adequate 
steerage way whilst negotiating the double turn at the Brambles 
Buoy and at the Calshot Light Vessel; a speed of 15.52 knots 
aitained on the acceptance trials enables the Patrol to keep well 
ecead of such vessels. 

The combined wheelhouse aid chartroom has been designed to 
p°rmit an unrestricted all round lookout. The 11-in. diameter 
* George Kent ” clear view screens are fitted, one for the use of the 
'clmsman and the other for the use of the Patrol Officer. On the 
p rt side there is a large chart table with chart drawers under and 
t\ 0 R/T sets, one medium frequency R/T for direct communica- 
ton with the Nab and Needles Pilot Cutters and other vessels 


the Weser and rail and road connections, and with the open sea 
by way of the Weser, shall at all times be up-to-date in meeting 
the requirements of commerce. 


TABLE | 
Development of Passenger Traffic at Bremerhaven (civilians only). 
Year Persons Year Persons 
1950 149,665* 1953 121,321 
1951 184,586* 1954 142,053 
1952 131,434 1955 153,573 


* This figure includes 123,552 displaced persons in 1950 and 
130,150 in 1951. 


TABLE 2 
Development of Fish Trade. 
(a) Auction turnover at Bremerhaven. 


Year Tons Year Tons 
1950 197,251 1955 250,861 
1951 246,317 1954 241,985 
1952 236,830 1955 273,833 
(b) Fish Landed at Vegesack. 
Year Tons Year Tons 
1950 19,328 1953 23,565 
1951 24,798 1954 24,116 
1952 23,325 1955 47,097 
TABLE 3 


Development of Overseas Goods Trade. 
In 1,000 tons (incoming and outgoing). 


Year Bremerhaven Bremen Total 
1950 485 5,499 5,984 
1951 967 7,174 8,141 
1952 1,263 8,469 9,732 
1953 963 8,922 9,885 
1954 977 8,840 9,817 
1955 1,255 10,767 12,022 


entering and leaving the Port fitted with a similar means of com- 
munication, and a V.H.F. R/T equipment for communication with 
the Duty Operations Officer in Calshot Signal Station, which is 
situated at the entrance to Southampton Water. Both R/T sets 
are supplied by the Marconi International Marine Communication 
Co., on rental maintenance contracts, and a loud hailer sited on 
top of the wheelhouse and controlled for direction from within, 
with a range of 4 a mile, is operated alternatively with the V.H.F. 
R/T equipment. A “ Klaxon” electric horn is fitted. 

In conditions of reduced visibility, the efficiency of the Patiol 
will be improved by a Decca Type 212 radar. The display is sited 
in a convenient position at the fore-end of the chart table. In 
addition to aiding navigation, a close check of anchored vessels can 
be made with the radar to ascertain that they are not obstructing 
the Navigable Channel and smaller craft not fitted with radar can 
be shepherded to a safe anchorage when larger vessels fitted with 
radar are underway. Immediately behind the Helmsman is a 
“ Kelvin Hughes ” Echo Sounder Type M.S. 26 G. 

The Board is the Licensee of the Marine Aerodrome used mainly 
by the Aquila flying boats proceeding to Madeira, Canary Isles, 
Lisbon, Genoa and Capri. There is a dual control of flying boats 
operating from Southampton Water. The Patrol Officer acting 
as the Harbour Master’s representative safeguards the movements 
of aircraft with respect to shipping and maintains a close liaison 
with Aquila’s Control Officer who is in direct R/T contact with the 
Captain of the aircraft when alighting or taking off. A number 
of departures take place during the hours of darkness and a radar 
watch is maintained of unlighted objects and small craft obstruct- 
ing the take-off area. A “F. Francis” 250 watt, type M/15/47, 
Searchlight with a range of 4 a mile is mounted on the top of the 
wheelhouse and can be trained or elevated from the helmsman’s 
position and is used at night to search the area of operation for 
floating debris before an arrival or a departure of a flying boat. 

The propelling machinery consists of two Rolls-Royce diese} 








engines type C.6 S.F.L.M. each developing 250 b.h.p. at 2100 r.p.m. 
fitted with a 2.04:1 “ Mathway ” reduction gears, and provision is 
made in the gears for opposite propeller rotation, The “Bloctube” 
engine controls are operated from the steering position. The main 
fuel tanks of 400-gallon capacity are situated forward of the engines 
and the capacity is sufficient for approximately 216 nautical miles 
at full power. A 60-gallon fresh water tank is situated abaft the 
main engines on the port side with a stout work bench over. The 
forward and after bulkheads of the engine room are insulated for 
noise with “ Burgess Acousti-pad ” and when running at full power 
there is no noise or interference to the loud speaker R/T watch 
maintained in the wheelhouse. The engine room flat is of Alumin- 
ium Alloy Hob Nail plate and the deck head is fully portable for 
the easy removal of the machinery. 

The auxiliary machinery consists of two 916 watt, 24 volt genera- 
tors driven off the main engines and charged to two lead acid 
“ Exide ” batteries each of 24 volts and 256 ampere-hours capacity, 
one for starting the main engines and the other for general use. A 
“ Stuart Turner” 14-Kw., 110 volt generator is installed to supply 
power for the radar and alternative charging for the batteries. A 
fire main and bilge pump is also driven off the Stuart Turner and 
and emergency hand bilge pump is operated from the upper deck. 

Fire-fighting and lifesaving appliances are to the requirements of 
the Ministry of Transport and Civil Aviation for vessels in Class 
IX (A). A 12-ft. dinghy fitted with buoyancy tanks is carried on 
the superstructure and is easily handled by either one of the two 
mild steel derricks. Each derrick is provided with a hand winch. 
During the course of her duties the launch will be required to pro- 
ceed alongside jetties at which vessels are loaded with petroleum 
spirit and non-spark “ Goodyear” rubber all round fendering is 
provided. All naked fires are extinguished when the launch 
approaches a petroleum vessel or jetty, and for this reason 
* Aladdin ” paraffin radiators have been fitted in all accommoda- 
tion spaces. All electric switches and plugs are of the spark-proof 
type. 

The manceuvrability of the launch is particularly good at all 
speeds. Twin rudders are housed in the after peak with access by 
way of watertight panels in the bulkhead and the steering gear is 
by Mathway. Full height guard rails are fitted all round the launch 
and provision is made for towing other small craft. A completely 
enclosed “ Simpson Lawrence” oil bath windlass with gypsy to 
starboard and warping drum to port is fitted for use with the two 
75 lb. “ Danforth” anchors. Under deck stowage is provided for 





Harbour Patrol Launch “ S.H.B. Triton.” 


acetylene and propane gas cylinders for replenishing navigational 
light buoys and are handled with the mild steel derricks which 
swing forward abreast of the forward end of the wheelhouse so as 
to plumb the ship’s side where the buoy is secured whilst this 
operation is in progress. Other emergency repairs to navigational 
aids are carried out by the Patrol Service. 

The launch is 48.75-ft. in length overall with a beam of 12.7-ft. 
and a maximum draught of 4-ft. The hull is of the round bilge 


form and is planked with 1j-in. mahogany on Canadian Rock 
Elm timbers; the keel and stem being of English Oak. A knuckle 
has been worked into the fore-part of the hull to shed the bow wave 
whilst under speed, and in moderately rough weather water is not 
taken on board, 
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The accommodation is laid out on generous lines to provi 
comfortable working conditions for the crew. The ventilation 
the launch has received careful thought, there being no less th 
six electrically-driven exhaust fans throughout the vessel besid 
ample natural supply. The Patrol Officers’ cabin forward has 
settee berth and settee; other furniture includes wardrobes, de: 
chair and table. Forward of the Patrol Officers’ cabin is a spacio 
toilet fitted with an underwater discharge W.C. and a washbas: :. 
A rubber-covered ladder gives access to the combined wheelhouse 
and chartroom. An escape hatch is fitted into the overheac ; 
special watertrap ventilators are also incorporated into the over- 
head. Aft of the Patrol Officers’ cabin and underneath the whee'!- 
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Interior of combined wheelhouse and chartroom, designed to give 
unrestricted all-round view. 


Me t 

house flat is a compartment containing the main batteries, radar 
components, Echo Sounder components and easy access to the 
instrument panel and electrical switch panel. Immediately aft of 
the engine room and entered through an insulated door is the crew 
space; this is fitted out for a crew of three, the furnishings being 
similar to that for the Patrol Officer. A separate toilet, sink and 
a full-size Calor gas stove are provided. Access to the deck is via 
a rubber-covered ladder and a sliding hatch. 

In addition to the navigational requirements of the Port, the 
Harbour Patrol is employed on numerous other duties. Anti- 
pollution patrols are carried out by the Duty Patrol Officer and as 
a result of evidence of samples obtained, a number of successful 
prosecutions have been made by the Board. Routine foreshore 
inspections are maintained and regular inspection in pursuance of 
petroleum and fishery bye-laws are undertaken. No effort has 
been spared to provide a craft which should be found in every way 
capable of standing up to the arduous conditions of service she has 
been designed to meet. 

Further improvements and additions to the newly-formed Port 
Operation and Information Service will be the subject of a future 
announcement. 








Fifth Berth for Tankers at Fawley, Southampton. 


The Esso Petroleum Company announce that a further expan- 
sion programme is to be carried out at Fawley at a cost of 
£13,000,000. This is additional to the £9,000,000 project announced 
last April and brings the total capital investment in the refinery to 
£68,000,000. When the expansion work is completed in 1958, the 
refinery’s throughput will be raised from the current 7.5 mn. to 
10.5 mn. tons a year. 

The refinery already possesses one of the longest oil docks in the 
world (3,200-ft.) and the new development scheme will include the 
provision of a fifth berth at the marine terminal for ocean-going 
tankers. It also will include the building of a large additional 
amount of tankage for the storage of crude oil and finished pro- 
ducts. A new oily water separator plant will duplicate the 
existing facilities for purifying water used in refinery processes 
before it is released into Southampton Water. 

The Fawley Refinery is already saving the nation an estimated 
$1506 mn. a year in foreign excharge. This new expansion will in- 
crease that saving to a figure in excess of $250 mn. a year. 
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The Use ot Gunite as a Structural Material 





A Survey of Developments, 1930-1955* 





By T. WHITLEY MORAN, B.A., B.A.I., M.1.C.E., M.1.Struct.E. 


(Concluded from page 95) 


PART 3. STRENGTHENING OF STRUCTURES WHICH HAVE 
PARTIALLY FAILED. 


Diagnosis of Defects 


No paper on the use of gunite for structural purposes would be 
complete without a reference to the cases in which the proper use 
of the material led to marked economies, or solved problems which 
would have been awkward to deal with by other means. These 
cases include a number in which the structure had been weakened 
and required definite strengthening. The great interest in work of 
this type is that very often the client is unaware that anything un- 
usual has occurred, and the specialist engineer only becomes aware 
of it by observing that the positioning or arrangement of cracks or 
defects is out of the ordinary and needs investigation. Then fol- 
lows careful observation and deduction, tested by calculation, 
laboratory work or trial borings. When the real weakness is deter- 
mined and assessed, the next stage is to devise some means of 
adding strength that is capable of practical execution. Carrying 
out the repair itself is often the easiest part of the whole sequence. 

By 1937 several clear principles had already come to light when 
assessing repair problems in which there were genuine structural 
defects. For example, dealing with water is an engineering prob- 
lem and can rarely be solved by applying leak stopping compounds. 
The remedy must be applied on the water face to have any per- 
manent value. Sometimes this can be done by pressure grouting, 
but often it is better to devise means of underdrainage or of leading 
the groundwater away downhill or to a sump. 

It is absolutely essential to diagnose the real cause of the trouble 
accurately, otherwise the remedy may be completely ineffective. 
If a structure is leaking through cracks, the cause of the cracks 
must be ascertained and steps must be taken to prevent the cracks 
recurring, if at all possible. Until this is done it is futile to try and 
stop the leakage by plugging the cracks. That would be merely 
treating the symptoms and not the disease’. 

After the diagnosis has been made, and confirmed by borings or 
tests, the problem presents two separate aspects, viz. the repair of 
the damage itself and the removal of the cause. The damage is 
always visible but the cause is usually not apparent and very often 
the client cannot understand why money should have to be spent 
on work which seems to him to be totally unnecessary. 

A very simple illustration lies in the repair of reinforced concrete 
work. The visible defect is the breaking off of pieces of concrete, 
thus exposing the steel. This is due to the rusting of the steel and 
its subsequent expansion in volume. The rusting arises in nine 
cases out of ten from too little cover. Many engineers think that 
an effective repair can be carried out by simply replacing the con- 
crete that had fallen away, but this procedure would not result in 
any increase cover to the steel and the trouble would soon recur. 


Early Experiments in Strengthening Work 


Case 8. To review some of the pre-war cases described in the 
1937 paper, and not previously mentioned herein, the lining of the 
discharge pipes at Thompson Graving Dock, Belfast, described in 
the 1937 paper’, has been followed up. This work cost £350 and 
the dock was not put out of commission. Replacement of the 
pipes would have cost £3,500 and would have taken three months. 
An important ship repair contract would have been lost, with con- 
sequential losses to the Harbour Board and local shipyard. It is 
now over 20 years since the pipes were lined and hardly any scour 
has taken place. There seems to be every likelihood of the gunite 


*Excerpts from a Paper read before the Institution of Structural 
Engineers, London, February, 1956, Type cases of interest to Dock and 
Harbour Engineers have been reproduced by kind permission. 


pipes having a longer life than that of the original steel pipes, which 
was 30 years. 

The weak bridges and culverts strengthened in the nineteen 
thirties' have all given good service, and many other cases have 
been dealt with in a similar manner during the past ten years. 
Supporting arches varying from 4-in. to 10-in, in thickness have 
been used, with steel reinforcement usually in the form of a double 
layer of heavy gauge fabric. Broadly speaking, this method is 
chiefly of value for short and medium spans with relatively low rise. 
The basis of design is to provide a factor of safety against collapse. 
Some engineers omit the pressure grouting of the existing arch but 
this reduces the efficacy of the work greatly. Occasionally a 2-in. 
thickness of gunite has been used on old masonry arches of moder- 
ate span and high rise, but it is difficult to see that this treatment 
adds much to the strength of the structure. 

The general question of strengthening weak bridges of various 
types has been dealt with by Chettoe'* whose paper is most use- 
ful for reference purposes. 











Fig. 8. Coke bunkers showing shear cracks in addition to general 
deterioration. 


Post-war-Cases 


Strengthening Reinforced Concrete Structures, where partial failure 
has occurred 


The pre-war and wartime experience on strengthening work pro- 
vided valuable data for the problems that arose later. 

Weak beams had been strengthened in Cases | and 3, columns 
had been strengthened in Case 3 (see previous issue). Both opera- 
tions had also been carried out by Pearson’. Less straightforward 
works were now undertaken with confidence. 

Case 9. A double line of 16 coke bunkers at Neepsend Gas 
Works, Sheffield, built about 1920, was examined in 1946 and ex- 
tensive deterioration was found. In addition to the normal rusting 
of the steel and spalling of the concrete, there were marked cracks 
at 45° suggesting that the long bunker sides had partially failed 
in shear (Fig. 8). Caltulations indicated that the structure was 
over-stressed in places, but the factor of safety against collapse 
was obviously greater than unity, or the structure would have 
collapsed. High tensile steel reinforcement was used to strengthen 
the bunker sides in shear and anchorage bolts were used to fix the 
ends. The new steel was stressed up to near the yield point and 
in this way a factor of safety against collapse of not less than 2? was 














secured. The strengthening work only increased the cost of the 
normal repair by 3 per cent. This line of approach to strengthening 
problems is in essence the same as load factor design. The struc- 
ture has given no trouble since. 

Case 10. In his 1937 paper’ the Author suggested that slabs 
might be strengthened by applying gunite to alter the position of 
the neutral axis. Only one suitable case has arisen for putting this 
idea into practice, on a 200,000 gallon rectangular surface reservoir 
in Lincolnshire. The walls of the tank are 6-in. slabs spanning 
horizontally between buttresses. The tank was built in 1932 and 
gave some trouble from an early stage. By 1952 almost every 
slab had cracked roughly vertically near the centre and seepage 
was occurring. The unusual location and regular pattern of the 
cracks attracted attention and the original design was compared 
with the recommendations of the 1938 Code of Practice’. It 
appeared that the tensile stress in the concrete was higher than that 
recommended in the Code and was responsible for the cracking. 
It was a simple matter to apply gunite to calculated thickness on 
the water face so as to increase the effective depth of the slab and 
reduce the stresses in both concrete and steel. This remedy was 
adopted and has proved satisfactory. 

These cases, together with others described previously, will give 
a sufficient indication of the methods that may be used. It may 
be useful to note that the process of deterioration through corrosion 
causes a partial breakdown of the bond between steel and concrete, 
thus voiding some of the design assumptions, and possibly leading 
to a redistribution of stresses. The process of repair cannot restore 
the original bond but this does not appear to have any effect on the 
subsequent life of the structure. It may of course be operating on 
a slightly reduced factor of safety, though this should be compen- 
sated by the stiffness of a reinforced gunite encasement. 

In the extreme cases of beams reduced to tied flat arches (Cases 
1 and 3), when given a sturdy repair without regard to theoretical 
refinements, the repaired beams have long outlasted their original 
life. 

It is normally impossible to calculate what the distribution of 
stresses will be in a structure which has been strengthened following 
incipient failure through overstress. Where the live load cannot 
be removed or the members jacked up, the added reinforcement 
will not accept stress until deflection begins to occur in the original 
work. These are the considerations that give rise to the conception 
of ignoring normal design considerations and setting out to pro- 
vide a factor of safety against collapse. 


Arched Roofs 


A number of service reservoirs in the Northwest were damaged 
by bombing during the war and in some cases partial reconstruction 
was carried out by conventional methods, while the less severely 
damaged portions were restored in gunite. 

Case 11. In Kensington reservoirs, Liverpool, built about 1860, 
the roof consisted of a series of barrel arches. At one point large 
cracks had opened up in several of the arches through bomb dam- 
age, and pieces of brickwork had fallen out, leaving gaps. These 
arches had been strutted and the problem arose of how to restore 
the strength of the arches without removing the struts prematurely 
and perhaps risking progressive collapse. This was solved by 
doing the work by stages. The larger holes were filled with gunite 
to begin with, and allowed to harden; temporary struts were put in 
to release some of the original ones which were in the way of the 
next stage, and further gunite was applied. This process con- 
tinued until the arches were secure against collapse. The arches 
were then tightened up by pressure grouting and a layer of rein- 
forced gunite 3-in. thick was applied on the soffit to increase the 
factor of safety against collapse. This was, of course, only one 
feature of the general repair. The work was carried out in 1947 
and the reservoir was inspected in 1950 and in 1955, when the re- 
pair work was found to be intact. 

Case 12. A similar procedure has been used in various cases 
since, and was employed in the repair of fire damage in Skerryvore 
lighthouse last summer. The floors in the various chambers were 
shallow domes of dove-tailed granite blocks, and some of these, 
through severe spalling, were barely in equilibrium. They were 
first made safe, stage by stage, and then domes of unreinforced 
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gunite were formed on the soffits to take a live load of 100 Ibs./s . 
ft. with normal factor of safety. This work, and in fact the who > 
of the repair work at Skerryvore, would have been awkward a: | 
tedious to execute by other means. 


Corroded Steel and Wrought Iron Bridges 


Several old girder bridges which have been weakened by co - 
rosion have been strengthened by welding on new steel plates an i 
angles and then encasing the lower boom or flange in gunite. 
With wrought iron, welding is not easy, and brackets can be bolted 
on to act as anchorages for bar reinforcement. 

Case 13. Outside Central Station, Liverpool, the entrance to 
the tunnel nearby is bridged by a wrought iron hogbacked hollo 
box girder constructed round about 1874. The clear span is 114-fi. 
and the maximum depth 10-ft. In 1949, after 75 years, the lower 
flange had become corroded, and the small transverse plate girders 








Wrought iron girder after addition of steel bars and encasement 
of lower boom. 


Fig. 9. 


carrying jack arches were also in bad condition. Brackets were 
bolted in position and bar steel added throughout, the whole then 
being gunited (Fig. 9). 

Case 14. As a development of this method, a test bay in a 
viaduct in an industrial works was strengthened in 1955. the new 
bar reinforcement being prestressed on the Lee-McCall system. 


Conclusion 


It is recognised that this survey of the use of gunite as a structural 
material omits reference to many applications which other engin- 
eers may consider to be of importance, but the stress on repair and 
strengthening work herein expresses the Author’s opinion that in 
the long term, these are the most valuable applications of gunite 
from the viewpoint of the structural engineer. 

The Author wishes to acknowledge his indebtedness to all those 
engineers who have given permission for their works to be des- 
cribed, to those who have provided inspection reports where a per- 
sonal inspection was not possible, and to his colleagues for their 
assistance in gathering together information, drawings, photographs 
and reports upon which this paper is based. 

The final paragraphs of the 1937 paper require no alteration 
after a period of 18 years and are therefore repeated as they stand. 

“It should be stressed, however, that if gunite is functionally 
used for work that is difficult to do by other means, the actual cash 
saving often amounts to six or eight times the cost of the gunite 
repair. It is nowadays often possible to recondition a structure at 
moderate cost, where twenty years ago there was no alternative 
but complete reconstruction. 

“Such operations call for no small degree of skill, and in time 
the restoration of structures will be recognised as a distinct branch 
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of engineering. The causes of decay are often 





merely ones of technique and craftsman- 
ship, but primarily of diagnosis and treat- 
ment; problems in fact, of Structural 


Pathology—to coin a name. Quack reme- + mgiks 
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permanent cure. 
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must be removed or the trouble will recur. 
“From this it is clear that the cement 
gun process is not one which may be applied 
indiscriminately to cure a variety of defects. 
One the contrary, it is one of a number of 
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remedies (others being, for example, cemen- 
tation, dewatering of ground and under- 
pinning), which, when used in the right way, 
may produce results which are otherwise 
unobtainable at an economic price.” 


Appendix I. 
The Durability of Reinforced Concrete 
Structures 


The recent note on this subject by Hamil- 
ton'' is so comprehensive that it is unneces- 
sary to add comment, but it may be useful 
to record the following notes: 
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(1) A mean period for most structures in 
normal atmospheric conditions is 
about 35 years, and for those in 
polluted atmospheres about 20 years. The cases outside the 
mean periods are probably accounted for either by the stan- 
dards of design and construction or by local atmospheric 
conditions. 

(2) The mean for maritime structures shows little departure 
from the mean for inland structures. 

(3) No separate analyses have been made for structures in gas 
works, in heavy industry or those in the chemical industry, 
but the periods for gas works are about the same as that for 
coking plants, and the periods for chemical works rather 
shorter. 

(4) No account is taken here of norma! maintenance work, i.e. 
purely local repairs on a small scale. Most reinforced con- 
crete structures are in need of normal maintenance work at 
intervals of, say, 5 to 10 years. Very often this mainten- 
ance work attains some scale at times much earlier than 
those given in the table above. 


Appendix II. 
The Repair of Reinforced Concrete Structures 


In the initial stages of decay, careful patching with trowelled 
mortar is perhaps the most satisfactory method and will last longer 
than coatings of cement wash. Coats of bitumen and tar are some- 
times used but their value in arresting corrosion is not great. If 
and when a comprehensive repair is subsequently needed, the bitu- 
men and tar coating must be completely removed by bush-hammer- 
ing, which is rather costly. 

The value of the new spray treatments has yet to be determined. 
{n the light of the experience set out in this paper it is difficult to 
visualise any of them having a prolonged life. In some cases the 
cost of such treatments compares unfavourably with ordinary 
trowelled cement rendering, which is a useful and comparatively 
nexpensive palliative. 

The most satisfactory policy may be to keep on patching period- 
cally with rendering until the structure gets beyond the scope of 

uch treatment, and then go in for a comprehensive repair. 

There is often a tendency to exaggerate the loss of section of 
teel bars through corrosion. Steel, when fully rusted, swells to 
bout eight times its original volume. Thus a skin of rust }-in. 
hick on a round bar is equivalent to a loss of radius of 1 /64-in. 
ind loss of diameter of 1 /32-in. With a 1}-in. bar, a loss of 1 /32-in. 
zives a reduction in sectional area of about 5 per cent., which is 
1egligible in comparison with the factor of safety. The mesh 


Fig. 10. Methods of Repairing Reinforced Concrete Structures. 


fabric used in gunite will go far to compensate for this. It is rare 
to find structures where extra bar steel must be added. 

The use of gunite coatings of less than 14-in. in thickness should 
be confined to internal work free from fumes or steam, or to exter- 
nal work when the structure is only being reconditioned for a 
limited period. 

Due to the difficulty of fixing mesh reinforcement (or any other 
reinforcement) to a tolerance of }-in. or even 4-in., a 1-in. thick 
layer of gunite embodying fabric, is unlikely to provide more than 
a minimum of }-in. cover on the steel at laps (Fig. 8). <A 14-in. 
coat should give a minimum of }-in. cover, and 2-in. coat about 
14-in. cover. The life of each of these coatings is roughly propor- 
tional to the cover on the steel. Hence a 14-in. coat should give 
three times the life of a l-in. coat and a 2-in. coat about 66 per 
cent. longer life than 14-in. coat. 

Much of the cost of a repair is independent of the thickness of 
the gunite. The initial cost of providing plant and transport, 
erecting and dismantling scaffolding, preparing the surface of the 
concrete and cleaning the steel, fixing fabric reinforcement, fixing 
profiles, protecting window openings or services is common to all 
thicknesses. Hence the difference in cost between 2-in. and 14-in. 
coatings may not be more than 10 per cent.: 66 per cent longer life 
at 10 per cent. extra cost. 

As regards the weight of fabric to be used, 25 years ago a 3-in. 
x 3-in. x 3/16-in. mild steel fabric was often specified, but there 
has been a progressive tendency to use lighter materials and to 
employ welded fabrics of high tensile steel wires. Commonly 
used materials are 4-in. x 4-in. and 3-in. x 6-in. meshes in 8 or 9 
gauge wires. The Author prefers the 3-in. x 6-in. mesh, as it can 
be disposed so as to give a greater area of steel in one direction or 
another as desired. Lighter fabrics than these are too springy to 
fix rigidly and may result in reduced cover. Naturally, if the fabric 
is being used to replace loss of steel section through corrosion, a 
heavier material will be needed, and this may be simpler to fix than 
bar steel. Expanded sheet metal is not very suitable for use with 
gunite. 

For the comprehensive repair, the general procedure should be, 
first, to fill out all sections to their original dimensions and then, 
to apply a 2-in. minimum coating of gunite overall, including a 
light fabric: finish to profile and apply a coat of cement wash for 
even colouration (Fig. 10). 

The premix of cement and sand should never be richer than 1:3 
and 1:34 is preferable. These properties will yield finished mixes 
of about 1:24 and 1:24 respectively. 
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The billing of gunite repair work is quite simple, but the opera- 
tions involved are totally different from normal building operations 
and endless confusion sometimes arises from the effort to bill a re- 
pair scheme on the same lines as those that apply to new construc- 
tion. It is simplest to approach a specialist firm before preparing 
the Bill of Quantities. 

A recommended procedure for repair is as follows: 

(a) Cut away all defective concrete ruthlessly: clean all rust scale 

off exposed bars. 

(b) Close-hack all smooth surfaces: clean the concrete surfaces 
with wire brushes, or when necessary with wet sandblast. 
Alternatively, bush-hammer the whole surface (rarely neces- 
sary). 

(c) Fix light wire fabric: ensure that laps in sheets do not pro- 
ject more than 3-in. from surface of concrete. Fix profiles. 


(d) Fill out with gunite to original face of concrete. 


(e) Apply 2-in. thickness of gunite. Final coat should prefer- 
ably be not less than 4-in. thick. 


(f) Finish with coat of cement wash. 
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Expansion of Port of Leixoes, Portugal. 

It has been reported recently that, mainly owing to the rapid 
growth of industry in the north of Portugal, it has been found 
necessary to increase the facilities at Leixoes. In the last few years, 
notable improvements have been carried out at this port, which is 
situated close to the larger port of Oporto. Accommodation at the 
southern pier in the outer harbour consists of over 108,000 sq. ft. 
of quay area and there are six cranes, five being from 14 to 5 tons 
capacity and the sixth of 50 tons. i, 

The Inner harbour quay area (Dock No. 1) is 891,000 sq. ft. 
nearly 170,000 sq. ft. of which is covered. The north quay has a 
45/94 ton crane and the south quay has eight cranes of 3 ton 
capacity, one of 15 and one of 17 ton capacity. In addition to these, 
therz are mobile cranes of 3 to 10 ton capacity and fork-lift trucks. 
Plans are in hand for a further dock and work is expected to 
begin on this before the end of the year. This will provide accom- 
modation for larger tonnage and will be equipped with extensive 
plant and warehouses. 
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A Pile Load Test’ 


By D. F. COATES, M.E.I.C. 


(Assistant Professor, Department of Civil Engineering, McGil] Universit. , 


Montreal, Quebec) 


A pile load test was performed which brought up many of th 
theoretical and practical questions that often arise on any pilin 
job. In addition, some interesting light was thrown on the be 
haviour of the soils encountered. As most piling problems mu: 
still be solved empirically, a brief account of this test is presented 

The test pile was a steel-encased concrete cast-in-place pile. The 
base diameter was |1-in., the diameter increasing in |-in. steps 
every 8-ft. The pile was 45-ft. long, thus the diameter at the top 
was 16-in.; 3,000 Ib. of concrete was used inside the No. 12 gaug: 
shell. The test pile was the first pile driven of a group of four. 

All piles on this job were driven by a single-acting steam hamme: 
weighing 6,200 Ib. with a drop of 3-ft. Eighty per cent. efficiency 
was assumed for the hammer, thus giving a blow of 15,000 ft.-Ib. 
of energy. The hammer blows were transferred through a driving 
head, containing a hardwood cushion, to a 48-ft. mandrel, weighing 
10,000 Ib., inserted in each shell. All piles were driven to a resis- 
tance of 6 blows/inch for a penetration of 1 foot. No driving 
resistance record was retained of the test pile (it being selected after 
the driving), but the records of two adjacent piles, A and B (see 
Figs. 2 and 3) are shown. 

During the driving of the other three piles in the group, the base 
of the test pile heaved up 2-in. The upheaval of the shells gener- 
ally occurred during the driving of the last 3-ft. to 6-ft. of the 
adjacent piles. The test pile was not retapped as the results of the 
load test were to be used in determining the retapping policy. The 
spacing of the four piles was 3-ft. centre to centre in one direction 
and 4-ft. 6-in. in the other direction. 


Soil Profile 


The building site was in the St. Lawrence lowland region. The 
principal soils in this area are glacial till, post-glacial marine and 
lacustrine clays (Leda clays), and alluvium. 

Three borings were made on the building site some distance from 
the test pile (see Fig. 4). These showed that for 25-ft. below the 
datum (the level of the fill at the time of the borings) there were 
strata of organic and non-organic, soft to firm clay (Fig. 4). The 
average unconfined compression strength of five tests on samples 
between 6-ft. and 20-ft. depths was 0.5 tsf. From 25-ft. down to 
bedrock there was glacial till of varying amounts of silt, sand and 
gravel, and of varying relative densities from loose to very dense. 
The bedrock varied from 57-ft. to 64-ft. below the datum. The 
average D,, of the till was of the order of 0.006 mm. (with practi- 
cally no particles smaller than 0.003 mm.), and the uniformity co- 
efficient varied between 20 and 50. Some of the maximum particle 
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also shown). 


*Reproduced from the Engineering Journal, March 1956, by kind permission 
of the Engineering Institute of Canada. 
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Pile Load Test—continued 
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sizes taken in the standard spoon sampler (2-in. OD, 1.5-in. ID) 
were 3-in. in TB-1 at 45-ft., 14-in. in TB-1 ai 50-ft., 1-in. in TB-2 
at 40-ft., and }-in. in TB-3 at 50-ft. (Fig. 4). These indicate that 
the high penetration resistances found at these points were prob- 
ably due in only one case to the interference of stones. (The resis- 
tance is to a standard 2-in. OD sampler driver by a 140 lb. hammer 
dropping 30-in.) 
The ground water level at this time was 3-ft. below the datum. 


Load Test 

The load test was run 10 days after the pile had been driven. 
The pile was loaded in increments of 124 tons up to 874 tons (Fig. 
1) by jacking against the pile driver. The maximum test load was 
95 tons. Each load increment was maintained until the rate of 
settlement was less than 0.01-in. per hour. The maximum load of 
95 tons was applied for 25 hours. 

By plotting the increase in settlement per unit increase in load 
against the total load (Fig. 1) a curve was produced that indicated 
that failure took place between 874 and 95 tons (failure being 
accepted as the point at which the settlement becomes dispro- 
portionate with increase in load). This type of curve makes the 
point of failure more distinct than a normal load-settlement curve. 

The permanent or net settlement of the pile after the load had 
been removed was 0.87-in. The maximum settlement of the pile 
head under 95 tons was 1.32-in. The elastic deformation of the 
pile assuming only point resistance would have been about 0.26-in. 
(the confining effect of the steel casing is insignificant with regard 
to this deformation). Thus the elastic deformation of the soil 
would have been 0.19-in. In view of the previous upheaval of the 
shell of 2-in. it is possible that the ultimate capacity of the pile was 
actually greater than 95 tons. 


Retapping 

Owing to the upheaval of a large number of the pile shells, the 
retapping of most of these piles was carried out after the shells had 
been filled with concrete. The predominant pattern of this retap- 
ping showed penetration resistances from five to nine blows per 
inch for depths twice the distance of upheaval—with no sharp de- 
creases or increases. Ass the retapping was done with the top 12-ft. 
of the mandrel sitting on the concrete pile, this indicated a similar, 
if somewhat lower, penetration resistance to that obtained in the 
original driving. From this, two.conclusions could be drawn: the 
surface friction had not increased or “set” appreciably between 
driving and retapping (two weeks to a month), and the 1-in. to 2-in. 
of upheaval did not produce a void under the pile, i.e. it had not 
been produced by water pressure alone unless the surface friction 
had increased and supplied the resistance to driving until the bot- 
tom of the void had been reached under the pile (the exact compen- 
Sating effects of these two mechanisms required to produce the 





retapping record seems improbable). Thus upheaval would seem 
to have occurred as a result of the compression and shear strain in 
the soil produced by the adjacent piles. 

Besides the above behaviour on retapping a few piles showed 
very little resistance and were driven down several feet. Presum- 
ably the original driving resistance of six blows/inch here had 
been supplied largely by the water not being able to flow away 
from the pile during driving. Eventually the excess hydrostatic 
pressure would have been dissipated and the piles driven farther 
through soft till. 

This explanation brings up an interesting paradox concerning 
till. Recent experience (both personal and of others) has indicated 
that till can sometimes be both medium soft and dense (dry density 
of the order of 125 pcf). One of the properties that may be used 
for identification is that this till seldom contains many particles 
greater than }-in. Resistance to the standard penetration test may 
not provide the necessary clue due to the effect of pore water 
below the water table. A few of the soil samples from this job 
indicated that some of the til] fitted this description. Unfortun- 
ately, it is not known if this soil occurred where the piles dis- 
appeared on retapping, although it seems a likely explanation. 


Pile Capacity 
The pile capacity can be calculated for the driving resistance 
from the Hiley formula. The energy of the hammer blow was 
considered to be 15,000 ft.-lb. If the co-efficient of restitution of 
the hammer on the driving head is assumed to be 0.25 and the tem- 
porary compression of the ground, pile, etc. is assumed to be 0.3-in. 
(from ref.'), the ultimate capacity of the pile is calculated as 115 
tons. This is about 27 per cent. higher than that indicated by the 
load test. Moreover, the same figure would be obtained by this 
calculation for the piles that were retapped several feet. 
According to Meyerhof* the ultimate bearing capacity of piles 
in sands and gravels can be calculated from 
Q, =y ADN/2 
where y is the effective soil density, 
A the area of the toe, 
D the depth of toe below the sand surface, and 
N the bearing capacity factor. 
For a compact well-graded sand N is 960; for a loose well-graded 
sand N is 240. Thus for this dense silt, sand, and gravel till the 
ultimate pile capacity using N of 960 is calculated as 330 tons. 
Using an N of 240 the ultimate pile capacity is calculated to be 
83 tons. 
Alternatively, Meyerhof’s expression for clays might be used. 
Q,=9 cA+c,F 
where c_ is the cohesion of the soil at the toe, 
c, is the average adhesion along the pile shaft, and 
Fis the embedded surface area of the shaft. 


Thus if the average adhesion is assumed to be made up of 40 per 
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Fig. 4. Soil data from three test borings. 





Pile Load Test—continued 


cent. of the cohesion of the clay (the possible thixotropic regain of 
the Leda clay in 10 days) and 1000 psf. (ref.*) for the till, c, is 590 
psf. If the cohesion of the till is also assumed to be 1000 psf. then 
the pile capacity is calculated as 50 tons. If the cohesion of the 
till were 2000 psf. (which has been obtained in some quick tests 
in similar tills) the pile capacity would be calculated as 53 tons. 
However, this calculation does not seem applicable as it does not 
take into account the frictional properties of the till (the drained 
¢@ usually being above 30°, although the undrained ¢ varying 
between 0 and 40°). 

Using Terzaghi’s bearing capacity formula*, and assuming the 
angle of internal friction of the till to be 35°, the cohesion of the 
till to be 600 psf., the adhesion-friction of the till to be 800 psf., 
and the adhesion of the clay to be 200 psf., then the ultimate load 
is calculated as 97 tons. The close agreement of this calculated 
ultimate capacity with the load test value, in view of the many 
assumptions, is to a large extent coincidental; however, the assumed 
strength values are those that are considered to be most probable 
for the dense till. 

It can be seen from this record that although soil theories might 
help, the practical problem of determining pile capacities for a 
large number of piles on one job has not yet been solved. Further- 
more, the variation of the engineering properties of glacial tills 
needs to be better understood. 


REFERENCES 
Chellis, R. D., Pile Foundations; McGraw-Hill, 1951. : 
2Meyerhof, G. G., Recent Studies of Foundation Behaviour; “The Engineer- 
ing Journal,” Feb. 1954. Ean ; ; 
’Terzaghi, K. and Peck, R., Soil Mechanics in Engineering Practice; Wiley, 
1948. 





Engineering Conference at Grenoble 


Joint Sealing Problems Discussed 


(Specially Contributed) 


Grenob!~. famous for its university and as a tourist centre, is 
becoming increasingly important as an industrial town. Its popu- 
lation now standing at 120,000 is increasing at the rate of 5,000 
every year and its architects, engineers and public works officials 
and contractors have planned and are busy implementing an ambi- 
tious programme for the building of factories, offices and schools. 

The informal visitor is left with the impression that, because of 
its great importance to the development of the town and in other 
ways, building is regarded as a matter deserving of the most care- 
ful and imaginative planning in all its aspects. Certainly the de- 
signers and contractors of this region are amongst the most 
progressive in the country, and their interest in and search for new 
techniques and materials is only one aspect of the forward looking 
attitude shown in general by the population. 

The Conference which took place at Grenoble on June 14th, 
1956, organised by the Syndicate General des Enterprises du Bati- 
ment et des Travaux Publics de l’Isere (the contractors organisa- 
tion) was a reflection of the great interest shown in all aspects of 
building, planning and technique by the contractors themselves. 
It included one purely technical paper by M. Dramais, a well- 
known French engineer, dealing with treatment of joints subject to 
movement in building and civil engineering structures, and two 
papers, by Mm. Tessier and Cortade respectively. These two 
papers were not technical, and dealt mainly with various problems 
of co-ordination and planning which arise between the moment of 
conception of a big group of workers’ flats and the time when the 
whole project is finally complete. 

The paper read by M. Dramais was supported by a film on ex- 
pansion jointing for building and civil engineering structures, loaned 
for the occasion by Expandite Limited of London, who have 
specialised for many years in this field and whose products are 
widely used in France, some of them being made there under 
licence. Dealing first with civil engineering structures, M. Dramais 
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explained that expansion joints in roads and runways consist 
two main components, the filler and the sealing compound. T! » 
ideal filler is one made of cane-fibre which in addition to being rc - 
proof and water resistant had to be capable of compression, wit - 
out extrusion to within 5 per cent. of its normal thickness and : f 
subsequent recovery to at least 90 per cent. of its original. Ti 
function of such a filler was to form and fill the main part of t!.2 
joint and to support the sealing compound. 

The function of the sealing compound was, of course, to excluce 
water and grit from the cavity and, to do this effectively, it had io 
be sufficiently elastic to accommodate thermal movement, have 
strong adhesion to the concrete, and yet be tough enough to resist 
the entry of stones and grit. Furthermore, it had to retain these 
qualities in all weather conditions over a number of years. The 
best compounds for this were mixtures of rubber and bitumen, but 
on airfield runways it was often necessary to use special comi- 
pounds to resist the action of jet-turbine fuel and the blast from 
jet engines. 

In many structures it was often necessary to use special sealing 
compounds for vertical joints. These in addition to possessing all 
the qualities of normal compounds, had to be capable of resisting 
slump in a joint 14-in. wide x 1l-in. deep subject to a temperature 
of 180° F. 

M. Dramais went on to explain that, in water retaining struc- 
tures, such as dams, reservoirs, culverts and graving docks, various 
types of “ waterbars” are used in the joints, in conjunction with 
the sealing compounds and filler already mentioned. These water- 
bars are embedded in the concrete across the centre of the joint 
and act as a main line of defence in case the water should by-pass 
the surface seal—which might happen if the head of water were 
great or if the quality of the concrete were pocr. The traditional 
material for waterbars was copper, but this was rapidly being 
superseded in France by “waterstops” of rubber and P.V.C. 
Rubber waterstops had, in fact, been in use in the United States 
for almost twenty years, and had appeared in England about six 
years ago. Their appearance in France and in other countries on 
the Continent was comparatively recent, but French engineers had 
been quick to realise their advantages over copper. Their design 
was such that they could accommod:ite not only normal movement 
due to expansion and contraction, but also shear movement due 
to differential settlement of the structure. Furthermore, being 
elastic and resilient, they could withstand such movement for an 
unlimited time without tending to work-harden and break, as 
copper would do. They were being used more and more fre- 
quently for all types of building and civil engineering structures 
in France. There were sizes and designs of waterstop to suit all 
kinds of joints, ranging from the 9-in. wide rubber waterstop with 
a hollow central bulb used for dams and other heavy structures 
and capable of withstanding normal thermal movement in tension, 
and also movement in shear, to a small 3-in. wide waterstop of 
high-grade P.V.C. composition, specially designed for the joints 
of basements and roofs in building structures. 


Having thus touched on the question of jointing materials for 
concrete structures, M. Dramais went on to discuss the various 
mastics used in the building industry. These mastics were neces- 
sary to seal the gaps which occur naturally between adjacent 
materials of different types (e.g. metal window frames and 
masonry), and also for cracks and fissures which often occur in 
older buildings. Wherever they were placed, such mastics were 
subject to movement. Nevertheless it was still too often the 
practice to use ordinary putty or similar compositions, which 
cracked within a short time and became unsightly and useless. 
Certain mastics made in France to-day were, however, specially 
fabricated so as to remain plastic and retain adhesion over a 
number of years. They were packed in cartridges made of cello- 
phane, and were applied rapidly and economically by means of 
special hand or air-pressure caulking guns. 


In conclusion, M. Dramais reminded his listeners that the ques- 
tion of joint treatment in building and civil engineering structures. 
though complex, was one in which one or two firms now specialised 
exclusively. Such firms were always glad to be consulted about 
jointing and waterproofing problems during the early stages of 
the design of the structure. Joints were an important part of any 
structure and expert advice “at the drawing-board stage” often 
saved expensive modifications on site. 
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[he Use of Timber in the Construction of Sea 


Defence and River Works’ 


By K. E. COTTON, M.B,E., M.I.Mun.E., M.R.San.L, M.Inst.H.E. 
(Chief Engineer, East Suffolk and Norfolk River Board). 


T the outset, in presenting this 
A paper, I should like to stress that my 

main purpose is to give an account 

of my practical experience of the 
use of timber in Sea Defence and River 
Works, and to offer a few observations con- 
cerning its merits. In addition, I shall draw 
attention to disadvantages and difficulties 
which have arisen, in the hope that useful 
discussion and suggestions may follow. 
Further, I do not pretend to understand the 
botanical side of the various timbers, nor 
have I any knowledge of the physiology of 
wood-destroying fungi, I can only comment 
on the type of wood rot encountered and give 
details of site conditions which might assist 
the experts in arriving at any further conclu- 
sions. 

Although I will not attempt to give de- 
tails of the methods of preservation of tim- 
ber used, I shall nevertheless endeavour to 
show that in most cases treatment is desir- 
able to get the best results. There can be no 
doubt that where marine borers are present, 
treatment of timber is most important, as 
valuable timber (untreated) can be totally 
destroyed in a matter of a year, whereas 
treated timber can be shown to be still in 
good condition after 20 years or more. 


It is well known that various timbers are 
under test at Shoreham Harbour on the 
South coast. A complete groyne has been 
erected using various timbers such as Green- 
heart, Wallaba, Mora and Douglas Fir. 
Piles, walings and planking were supplied 
in 9-in. x 9-in., 6-in. x 9-in. and 6-in. x 3-in. 
sizes respectively, and have been kept under 
observation. The object of the test is to de- 
termine the resistance of the timbers to 
abrasion caused by tidal movement of the 
shingle on that part of the coast. Details of 
the tests are given in a Paper by R. P. Woods 
entitled “ Timber for Sea Defence Works.” 
The tests to date indicate that wear has taken 
Place on the corner faces exposed to the 
westerly drift of the shingle. The greatest 
wear has occurred at the shore end, which is 
in the area of greatest shingle concentration. 
Brush box appears to be showing the 
greatest resistance, followed by Mora, 
Greenheart, Opepe, Wallaba, in that order. 

| shall restrict my comments to the area 
on the East Coast between Hunstanton and 
Felixstowe, including the rivers and broads 
immediately to the West. In these areas I 
have personal kriowledge and records of 
timber constructional works carried out back 
to about 1935. Fig. 1 shows the area re- 
ferred to. Note the areas where Teredo and 
Limnoria have been most noticeable. 


Types of Work Undertaken by River Board 


peaking in general terms, the work of a 
R ver Board can be divided into two main 








groups, viz. Sea Defence Works and River 
Works, both of which groups involve the use 
cf timber in some form or another. 


1. Sea Defence Works. 


(a) Permanent Groyne Construction.—It 
is weli known that beach material is con- 
stantly moving along the coast, this action 
being known as “littoral drift.” On the 
length of coast covered by my Board the 
drift is in the main from North to South. It 
is worthy of note that to the North in the 
Hunstanton-Cromer area the beach material 
is large size shingle. In the Happisburgh- 
Yarmouth area the material is much finer 
and over considerable length consists almost 
entirely of sand. Farther South, shingle 
occurs again in the Kessingland, Benacre, 
Southwold and Aldeburgh Areas 





~ -teredo 


In an attempt to arrest the drift of 
material, various types of groynes have been 
constructed with the object of trapping this 
material and so raising the level of the 
beach. The effect of raising the beach level 
is that high water mark is kept farther sea- 
wards away from the base of any protective 
sea wall or other form of defences along the 
coast line. Undermining by scour of the de- 
fences is thus prevented. 

It will readily be appreciated that groyne 
construction is invariably a hazardous under- 
taking due to the siltation of the work and 
the weather conditions encountered. Rarely 
is it possible to start and finish a job without 
encountering sudden adverse tide and beach 


* Paper read at the Annual Convention 1956, of 
the British Wood Preserving Association. 
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Fig. 2. 

















Fig. 4. 








Fig. 5. 


conditions, and for this reason it is essential 
to have mobile plant and materials reason- 
ably easy to handle. Timber of the sizes 
usually employed is found to minimise 
handling difficulties as compared with steel, 
but much depends on the suitability of the 
plant being used for pitching and driving 
piles. 

Groynes have to resist lateral pressure of 
the sand, shingle, sea and wind rather than a 
dead load. For this reason it is desirable 
to have the toes of piles driven into a stable 
sub-base (e.g. clay) or down to such a depth 
as to be below any influence of scour. Trial 
Borings are taken to determine the required 
lengths of the piles, and the cost of this work 
is very often justified by the economies 
which can be effected when a completely 
stable strata is found at a much less depth 
than was expected. 

Groynes may be of lengths varying from 
100-400-ft. and generally extend down to low 
water of ordinary spring tides. 

_A typical groyne illustrated in Fig. 2 con- 
sists of 9-in. x 9-in. king piles and anchor 
piles in lengths up to 24-ft. and spaced 10-ft. 
apart. 9-in. x 9-in. walings, 20-ft. long with 
scarfed joints link the king piles and 9-in. 
X 6-in. walings link the anchor piles which 














Fig. 6. 


are in turn linked by 9-in. x 6-in. crosshead 
members to the king piles. The walings 
are fixed well below the heads of the piles 
and along the line of the waling 3-in. x 
9-in. sheeters in lengths up to 14-ft. are 
driven into the beach with their heads 
finishing flush with the waling. Horizontal 
planking 3-in. x 9-in. x 20-ft. long is fixed 
to the king piles above the waling to give 
the required top profile. Fig. 3 illustrates a 
typical groyne in course of construction. 

The planking is added as the beach builds 
up or in certain instances, if bad conditions 
have produced heavy loss of beach material, 
the planking is temporarily removed and 
added back later as the beach material is 
again collected. The use of timber planking 
makes this work reasonably easy to perform. 

Piling is usually carried out by one of the 
following methods:— 


(a) Dragline excavator fitted with false 
leaders taking a 20 cwt. hammer. 

(b) Timber pile frame with hammer 
operated with power-driven winch. 

(c) Pile frame with winch and diesel- 
operated driving unit. 

(d) Pile frame with winch and steam- 

operated hammer. 
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W ork:s—continued 


(a) and (b) are found to be most  »n- 
venient, due to ease of movement, and the 
fact that the winch operating type (b) 2an 
be placed high up the beach away from the 
influence of tides. 

Type (c) is reasonably mobile but trovble 
has been experienced by wind-borne s..nd 
affecting the working of the plant. 

Type (d) has been found not very con- 
venient due to difficulty of moving boiler 
aid steam pipes. 

Due to varying strata encountered, rate 
of driving varies. Good driving gives a pene- 
tration ot 2-in. for an 8,000-ft. blow. Driving 
in shingle presents the greatest difficulty, par- 
ticularly if the size of the shingle is over 
3-in.; under these conditions penetration 
may be reduced to }-in. per blow. [n all cases 
in my experience, no matter what type of 
timber is employed, steel protective helmets 
or steel ringed piles are essential. As the 
length of the piles has been designed on the 
information obtained from the boreholes, 
penetration to the required depth is essen- 
tial. For this reason a small margin is 
allowed on the length of the piles to allow 
for the final cutting off of damaged heads. 
If no damage has occurred driving is con- 
tinued to make full use of the extra length. 

In general the groynes in my area are 
constructed with Columbian Pine (both pre- 
served and untreated), although recently one 
system of groynes has been constructed with 
Greenheart. Elm has also been used. 

Driving conditions can vary from pile to 
pile, and, I have found that the most suit- 
able timber to meet these varying conditions 
is Greenheart. Even with this timber heavy 
driving must be avoided, otherwise the 
timber splits. It has been found almost im- 
possible to drive Fir and Elm through shingle 
without damaging the piles. Where driving 
conditions are particularly hard, difficulty is 
always experienced in keeping sheet piles 
vertical and close butting. In such cases it 
is often necessary to use inter-locking steel 
piles but this, of course, is a much more 
costly form of construction. 

Another type of groyne where the use of 
timber has been successful is the “ spur” 
groyne used to give protection to flumes and 
sluice outlets. 

Fig. 4 illustrates a typical set of spur 
groynes at Benacre Flume, Kessingland. 
Here the groynes consist of Alder round 
piles 10-in. in diameter, set at 2-ft. 6-in. 
centres each side of the connecting 10-in. x 
5-in. Greenheart waling. The groynes are 
only 45-ft. long, but due to the angle at 
which the groynes are set beach material is 
held against the flume which is thus pro- 
tected from the scouring action of the tides. 
In the case illustrated it is interesting to note 
that although this flume was subjected to the 
full force of the 1953 surge, no damage was 
sustained. 

(b) Improvised Groynes. — Following the 
1953 floods a rapid form of construction of 
temporary groynes had to be devised. Be- 
tween Palling and Horsey 128 improvised 
groynes, each 100-ft. long, were erected in 1 
matter of weeks. These were later extende:! 
to 150-ft. Three-inch steel tubes were drive 
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Use 


i intervals of 4-ft. into the beach and gal- 
vanised chain link netting stretched along 
the line of groyne. Faggots of Chestnut and 
Alder were dug in and encircled with a 
second line of netting. Fig. 5 shows some of 
the groynes soon after erection and Fig. 6 
shows the build-up achieved after about 6 
months. The faggots are still in excellent 
condition. 


(c) Revetment.—At Salthouse a very novel 
experiment has been tried out using Alder 
poles to stabilise the shingle bank. Fig. 7 
shows a section of the bank in which the 
revetment was constructed. At times of 
extraordinary tides the bank was overtopped 
and the crest level lowered until ultimately 
a breach occurred. Steel rails 12-ft. long 
were driven at 9-ft. intervals to which Alder 
poles of 5-in. average butt were fastened 
longitudinally. Faggots of Hazel 6-ft. long 
were then added. This form of construction 
provided as it were a fence which prevented 
rolling back of the shingle full. The Alder 
poles and faggots are still in perfect condi- 
tion after five years. 

Another type of revetment which has been 
tried out successfully along the base of the 
dunes at Waxham near Sea Palling consists 
of steel tubes set in two rows about 2-ft. 
apart and braced with walings and cross 
members and the centre box portion well 
backed with brushwood faggots. The revet- 
ment acts as a sand retainer and is very 
quickly covered with wind-borne sand. In 
carrying out further constructional works, 
some of the revetment has recently been ex- 
posed and the faggots are still in excellent 
condition after two years. 


(d) Sea Wall Construction.—Fig. 8 shows 
a set of shuttering made of timber and used 
for the construction of a typical reinforced 
concrete sea wall, of the type shown in Fig. 
9. 

By using simultaneously six sets of shutter- 

ing, each 25-ft. long, the contractors engaged 
on the construction of this wall were able 
to complete 24 miles of wall in seven months. 
The shuttering consisted of shaped timber 
ribs covered on the face with timber battens 
about 14-in. wide. The whole framework was 
mounted on a steel-framed trolley which was 
moved along from bay to bay. 
_The use of plywood facing is being con- 
sidered, but due to the sharp radius of the 
curved parapet and the strength required in 
the formwork, the use of battens offers a 
more satisfactory solution. 

Fig. 10 illustrates South Swedish unsorted 
Red or Whitewood shuttering being used in 
the construction of another type of concrete 
wall at Walberswick. 


(ec) Dune and Beach Formation. — 
\lthough dune formation is almost a natural 
process controlled by the dune flora, much 
ise is made of brushwood faggoting in seal- 
ing wind-gaps. The faggots ure dug in to 
orm barriers which very quickly collect 
‘ind-borne sand and become completely 
uried., 

Similar methods are used for building up 
1e beach at the foot of the dunes. Here the 
iggots are set in the form of boxes about 
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Fig. 8. Fig. 9. 











Fig. 11. 


2. River Works. 

(a) Piling.—(i) Timber Piling.—The pro- 
tection of over 544 miles of river banks is a 
major problem for my Board. Considerable 
lengths of these banks are protected with 
piling and it is essential to keep construc- 
tional costs to a minimum. In this respect 

Fig. 10. due regard must be given to the use made 

- of the rivers. Where shipping traffic is heavy 

50-ft. square with the heads protruding about the works are designed accordingly. In the 

3-ft. and these collect and hold the wind- upper reaches where only light craft are used 

borne sand. This method has been in use for a much lighter form of construction is 
generations and is still used extensively. Fig. adopted. 

11 illustrates the results achieved in a matter Due to the tidal influence of many of the 

of weeks. rivers, serious trouble is apt to develop 
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through timber rot brought about by the 
alternate wetting and drying of the timbers 
between high and low water mark. In such 
cases I cannot stress too strongly the desir- 
ability of using preserved timbers, as experi- 
ence has shown that the life of the timbers 
is thereby greatly increased. 

In the tidal reaches of the River Yare tim- 
ber piling has been driven progressively 
since 1936, the type of construction being 
shown in Fig. 12. The timber used is 
Columbian Pine creosoted under pressure. 
Main piles are 9-in. x 9-in. x 24-ft. long. In 
the illustration the piling has been damaged 
by shipping. 

In the River Waveney during the war-time 
restriction on the use of softwood, experi- 
mental piling was carried out using Krabak 
and Gurjun. The work, illustrated in Fig. 13, 
was carried out successfully and so far the 
piling is standing well. In this river a 
lighter type of construction is acceptable due 
to the lighter shipping traffic. The driven 
sheeters are 2-in. x 9-in. covered with a 2-in. 
x 9-in. capping and anchored back with tie 
rods passing through a chamfered 9-in. x 
6-in. waling. 

(ii) Alder Pole Piling.—This material is in 
good supply locally, so extensive use is made 
of this cheap but effective method of entrain- 
ing works on the less important rivers. The 
piles are approximately 10-in. diameter and 
18-ft. long and are driven by hand. The 
piles are wired together and tied back to 
anchor stakes or held by walings and 
anchor bars, as illustrated in Fig. 16, which 
shows a typical length carried out in the 
iidal reaches of the River Blyth at Reydon 
Quay. 

(iii) Steel Piling. — Steel sheet piling has 
been used to some extent on the lower 
reaches of the rivers where it was known 
that obstructions such as submerged concrete 
would be encountered. Although the use of 
this material is outside the scope of this 
paper, it is interesting to note that the cost 
per lin. foot of steel piling is approximately 
double that of timber piling of similar depth. 


(b) Sluice Doors.—Much use is made of 
Oak and Greenheart in the construction of 
sluice doors for land drainage works. Fig. 14 
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was used. It has been found that aln. st 
all the timber doors have been subjected to 
heavy beetle attack. Because of this any -e- 
placements are carried out with preser\ ed 
timber or Greenheart. The weight of Gre n- 
heart is no disadvantage when used in slu.ce 
doors, as its specific gravity is only 1.08, cad 
so when submerged very little extra effori is 
required to raise it. Cast iron with a spevi- 
fic gravity of 7.218 calls for heavy lifting 
gear. 

(c) Flume Construction. — Fig. 17 illus- 
trates a typical flume constructed in timber 
and used for conveying pumped river waiter 
across the foreshore to low water mark. 

In the case illustrated the timber sides and 
bottom of the flume are T. & G. Columbian 
Pine boards creosoted under pressure. The 
flume is carried on Columbian Pine piles 
14-in. x 14-in. x 24-ft. long driven in the 
beach. The end three pairs of piles are in 
Greenheart. This flume suffered no damage 
throughout the 1953 surge. 

(d) Pumping Stations. — Relatively small 
quantities of timber are used in the construc- 
tion of Pumping Stations, Softwoods are 
usually employed for roof construction and 
doors but occasionally oak doors are fitted. 
Recently I have fitted a pair of sliding doors 
i2-ft. 6-in. x 9-ft. 9-in. x 24-in. of Iroko to 
a new Pumping Station being erected in a 
very exposed situation on the coast at Ben- 
acre, Suffolk. 

(ec) Bridging Timbers and Plants Mats. 








Fig. 14. 


shows a typical sluice constructed of chemi- 
cally treated Columbian Pine framing and 
doors and bridge. A sluice of this type is 
just being constructed at Hawkes Mill, River 
Gipping, Suffolk. In this case the doors are 
made up of 9-in. x 4-in. Greenheart. 

Fig. 15 shows a sluice fitted at Kirton Out- 
fall, River Deben, Suffolk, consisting of four 
sets of doors each 30-in. x 48-in. fixed in 
pairs at different levels. The tops of the 
upper pair are just visible in the photo- 
graph. The doors illustrated are typical of 
hundreds of similar doors erected on outfalls 
for draining reclaimed land by gravity. The 
doors at Kirton Greek were replaced about 
ten years ago and, so far as I can ascertain, 
the old set of doors had been in use for 25 
years. 

In the tidal reaches of the Suffolk rivers 
the old sluice doors were mostly constructed 
of Green Oak or in some instances cast iron 








Fig. 15. 


In order to allow excavators to cross drains. 
use 1s made of 9-in. x 9-in., 10-in. x 10-in. or 
12-in. x 12-in. timbers up to 35-ft. long to 
span the drains. At intervals these timbers 
are tested under load and the results re- 
corded. Timbers which will not carry the 
loading are rejected and used for piling. 
Tests are carried out by comparison with 
a standard Pitch Pine test pile which under 
a two-ton central point load on a clear span 
of 20-ft., with freely supported ends has a 
deflection of 2-in. The test pile and the pile 
under test are fixed in a jig and forced apart 
by a jack inserted at the central point unti! 
the deflection in the standard pile is 2-in 
The deflection in the pile under test is then 
measured and to be satisfactory this defiec 
tion must not exceed 2-in. The test is re 
peated four times with the pile under test 
turned over through 90 degrees for each test 
The piles are numbered and records are kept 
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Fig. 16. 


of all tests, and it is so arranged that all 
piles in use are tested at least once a year. 
[ find that for this use Douglas Fir gives the 
most consistently satisfactory results. 
Mechanical excavators are used increas- 
ingly in the construction of river walls and 
the clearing of drainage channels. Almost 
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Buying a Lifting Truck 
Advice on Choice and Utilization 


By J. LOMAS 

A comparison of the modern dockyard and harbour with that of 
fifty years ago reveals one important innovation—the lifting truck; 
yet there are still many who do not sufficiently appreciate the 
essential points in buying such a piece of apparatus. It is, in fact, 
a far less simple matter than might at first sight appear, the reason 
being the large number of factors to be taken into account. 
Basic Principles 

Before discussing the buying of a truck in detail, it may be as 
well to set out the basic principles. The first is to choose a truck 
that will meet average needs. To attempt to buy one that will 
meet every possible problem is uneconomical and unpractical. For 
example, if loads are sometimes required to be placed in tiers four- 
high, there is no economy in purchasing an extra-high-stacking 
truck so that these infrequent tifts may be dealt with. 

Similarly, if over 95 per cent. of the loads to be handled do not 
exceed two tons, there is no point in buying a 3-ton truck for the 
occasional overweight lift. Other methods must be planned for 
these abnormal needs. It is possible, by means of handling attach- 
ments, to increase the range of goods that can be dealt with as well 
as the size of loads transported. For example, it is more econo- 
mical and efficient to carry two one-ton loads at once with a two- 
ton truck than to deal with one two-ton load with a one ton model. 

Stacking of the loads is of great importance, particularly where 
storage space is limited. Sometimes it is advantageous to stack 
the loads to the height of the ceiling, but before any firm decision 
on this point is made some other factors must be considered. For 
example, will the loads support the weight of additional loads on 
‘ollowing layers of the stack? Will the floors support the weight 
of the complete load? Will the truck have adequate stability to 
‘ake the extra-high stacking? This matter of stability is of extreme 
‘mportance when extra-high loads have to be handled. For ex- 
‘mple, if the wheel of the truck goes into a small hole in the floor, 

load raised to a height of fifteen feet may move laterally by as 

iuch as a foot, which would in certain circumstances be enough 

) cause the truck to tip over bodily. It must also be borne in 

ind that a case or other piece falling from a high lift gains enough 
“omentum to produce a good deal of damage at floor level. 








invariably the machines are working on 
ground of low bearing capacity and the 
which are fitted with crawler 
tracks, have to be moved along on wooden 
mats made from sawn timber bolted to- 
The mats are usually in sets of six, 
each mat being 10/14-ft. wide dependent on 











Fig. 17. 


the size of the machine by 3-ft. 6-in. long. 
The timbers are 10-in. x 5-in. Elm, Douglas 
Fir or Oak. I have found that Douglas Fir 
is generally most satisfactory and stands up 
very well to the very heavy use to which the 
mats are subjected. 

(To be continued) 


For these reasons it is a good plan to look for a truck in which 
safety devices are incorporated, such as a combination guard and 
tilting mechanism lessening the stress on the whole lift mast, 
especially when the truck is operating on irregular or inclined levels 
or is liable to be loaded off-centre. 

The next point to watch is the loading of the truck. In a tele- 
scoping fork truck, an increase of 2-in. in the lift usually results 
in an increase of 1-in. in the collapsed height of the truck. Therc 
is a risk involved in increasing the lift excessively, as the truck may 
not then be able to travel under low-hanging beams or pipes or 
through doorways. When employing a truck for railway wagons 
or lorries, its collapsed height should allow it to enter into the 
carrier. The truck must have full initial lift, ic. the forks must 
be able to rise without increasing the overall height of the truck. 
Otherwise the stacking of loads inside areas where headroom is 
low may not be practicable. 


Weight and Dimensions 


The next consideraticns involved are weight and dimensions. 
These will be affected by the capacity of the warehouse floor, the 
railway wagon or the road lorry, as regards loading. Floor loading 
capacity is assessed on the basis of the weight of the truck together 
with the maximum weight of load it will carry. There are trucks 
specially constructed for operation in floors known to be below 
normal strength. These are essentially lighter in weight or they 
may have longer wheel bases as a means of dispersing the load 
over a greater area. 

The size of the truck will also be governed by the limitations 
of its working space. For example, if it has to travel down narrow 
gangways or aisles or in a confined space, its size may have to be 
reduced from the ideal. The factors to be studied are the known 
areas of operation, and when these have been determined, the 
overall length, overall width, turning radius and other factors in- 
fluencing the ability of the trunk to manoeuvre, must be collated 
with these factors so as to ensure choice of a truck that will give 
the best results within the limits known. 

It is often possible to employ a powered platform truck where 
a fork truck would be unusable, the reason being that there is a 
more uniform distribution of weight owing to the design. 

We now come to the position of the operator. There are three 
possible choices: central control with the operator seated; central 
control with the operator standing; and rear control standing up. In 
most instances the standard fork trucks adopt central control with 
the operator seated, because this gives greater comfort for the 
operator and facilitates his training, since most men are accus- 
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Buying a Lifting Truck—continued 


tomed to driving a car in the sitting position. On the other hand, 
it is argued that to have the operator standing either in a central 
position or at the end of the truck maintains his alertness more 
effectively and also enables him to mount and descend from the 
truck more readily and quickly. If he is standing up at the end 
and controlling from there, it is quite true that the operator has 
the whole truck in full view and need run no risk of striking 
with the rear end of the truck something he is unable to see. 
Against this, however, it may be argued that central control brings 
him nearer to the load he is lifting and putting into place. 


Petrol-drive or Electric Battery ? 


Probably the most hotly disputed matter in choosing a lifting 
truck is the motive power. Some users swear by petrol-driven 
vehicles, other by electric battery vehicles. The truth is that each 
type has its peculiar advantages. and the user alone can decide 
which is the better for his particular work. A few general prin- 
ciples may, however, he enunciated as a guide to the intending 
buyer. Bi 
if there are long runs involved, then higher speeds are attain- 
able with petrol-driven trucks, and here lies the greatest advantage 
of this type of power. Petrol trucks are also particularly advan- 
tageous for going up inclines owing to their selective gear ratios. 
Assuming they are provided with pneumatic tyres for efficient 
traction and tyre flotation, the petrol-driven truck will prove 
superior to the electric where the road or floor surfaces are irregu- 
lar and when the greater part of the work is done in the open. 

On the other hand, electric trucks are better where the work 
is done in a confined space and fumes from the exhaust are liable 
to harm the stored materials or even the operator and his co- 
workers. If the truck has to operate in a cold storage chamber or 
in an air-conditioned area, electricity is better because it gives out 
less heat. Where the truck has to operate in a restricted space, 
1eadier control is obtained with the electric truck. Where the run 
or haul is short, the more rapid acceleration of the electric truck 
economises in time. Finally, maintenance of the electric truck is 
simpler and it can be restored to service more rapidly. 

Even after all the factors enumerated have been taken into 
account, many others remain, such as the type and size of brakes, 
the fuel consumption, the capacity of the battery, the steering effort 
required, the speed of lift, and visibility. None of these may safely 
be neglected. There are also such mechanical matters to be decided 
as drive axle, trail axle, controls, lifting mechanisms, etc. It may 
well be that several trucks seem to possess the particular char- 
acteristics required, and the difficulty is to choose among them. 

The most useful action is to consult the local representatives of 
the makers: of the particular trucks that seem the most promising, 
and invite a demonstration as well as advice. The majority of the 
truck makers manufacture a full range of equipment for handling 
materials, and will usually suggest a particular model as the most 
economical and effective in the specific conditions of operation. 

When these recommendations are in, it is then advisable to con- 
sult other dockyards or harbour authorities with problems as nearly 
as possible akin to those of the buyer, and inquire of them what 
their experience is. At the same time, such experience must be 
considered in relation to the circumstances obtaining at that parti- 
cular point. Many reports of bad service are afterwards found 
to arise from poor upkeep or operational abuse of the trucks. 
Transmission systems vary with different makes. Some are driven 
by gearing alone, using bevel and spur gears; others operate by 
worm drive. Braking is normally mechanical but may in some 
instances be electrical. In one type of truck the entire motor unit 
turns with the steering, the motor being mounted over a single front 
driving wheel, driving it by means of a chain. The steering does 
not seem to be affected as regards sensitivity. The advantage 
claimed for this arrangement is the attainment of an extremely 
small diameter turning circle. 

The trucks may have a lift of between 4 and 5-ft., the lifting 
being normally operated by a separate motor and either mechanical 
or hydraulic gear. The lifting speed ranges from eight to fifteen 
feet a minute. The running speeds of the electric battery trucks 
range from 3 to 7 miles an hour, and are usually taken as three 
times walking speed. Some trucks are provided with cranes for 
lifting large articles. 





The drawback of the all-electric truck is the high percenta; : 
of gross weight taken by the battery itself and the limited radi: s 
of the operation before exhaustion. This makes a long period  f 
inaction necessary while the vehicle is being re-charged. The nt 
weight of an electric lifting truck ranges from 1,600 to 2,500 |). 
and the mileage per charge is from 15 to 25 miles. (In a railwe) 
warehouse eleven tractors and 600 trailers handled as much ‘s 
130,000 tons during the year 1947, at an average cost of 15.1d. a 
ton.) 


Battery Charging 


The charging of the batteries is nearly always automatically 
controlled, and removal of the battery from the truck is not neces- 
sary. A connection is taken from the charger to a socket on the 
vehicle. The charging rate is controlled automatically by the char- 
acteristic of the charging generator or rectifier and the battery, the 
result being that the current falls as the voltage of the battery 
rises on charge. The duration of the charge is generally regu- 
iated by the ampere-hour meter on the vehicle. This meter is set 
to run 10—15 per cent. slower on charge than on discharge, to 
allow for the overcharge required by the battery, and when the 
needle attains full charge, it trips out a circuit-breaker in the 
charging circuit. Battery trucks are well suited to being charged 
during the hours of the night, and in many areas reduced electri- 
city tariffs are available for this work. A standard charging plug 
and socket are the subject of B.S.S. Report No. 74—1937. 

In the colder weather the batteries undergo a temporary reduc- 
tion of capacity, but this is relatively small, though it is of much 
importance in some districts. . 

Some lifting trucks will handle loads up to four tons, and it 
should be noted that special models are available for handling 
loads of tin plate and other sheet metals. 

While the rapid development of the lifting truck must be credited 
largely to the United States, it must be emphasised that British 
trucks are in every way comparable in efficiency and performance 
and can be relied upon to give excellent service. The buyer should 
have no difficulty in obtaining the vehicle he requires from a re- 
putable United Kingdom manufacturer, and it is worthy of note 
that in designing their trucks many makers have carefully con- 
sidered the most suitable metals for their equipment and taken the 
advice of experienced metallurgists in this respect. 





Recent Additions to B.T.C. Fleet. 


The British Transport Commission’s new vessel the m.v. “ Kirk- 
ham Abbey ” last month made her maiden voyage to Copenhagen. 
This fast ship, managed by the Associated Humber Lines in com- 
pany with the Commission’s other vessels working from the 
Humber, brings the B.T.C. fleet to a total of 122 ships. For the 
past 30 years, the weekly service in each direction between Goole 
and Copenhagen has been carried out by the “Don” and “Dearne. 
Under the railway modernisation plan, these vessels are being re- 
placed by the “ Kirkham Abbey” and a sister ship, the “ Byland 
Abbey,” now building. The new vessels will be superior in ever) 
respect to those they replace, and with iheir greater cargo capacity, 
improved refrigeration, geared diesel propulsion and modern facili- 
ties for loading and discharging, they should make a large 
contribution to the development of Danish trade through Goole. 

Two new ships have been commissioned by the Eastern Region 
from the Goole Shipbuilding and Repairing Co. Ltd. for its Con- 
tinental freight services between Harwich and Antwerp and Har- 
wich and Rotterdam. They will replace the “ Dewsbury” and 
‘Sheringham ” respectively. In order to minimise turn-round 
time, special provision is being made for rapid loading and unload- 
ing and for the quick stowage and securing of cargo, especially ol 
containers. The two vessels will be sister ships, designed to the 
same specification, to carry a full load of rail freight containers, 
a full load of general cargo or, alternatively, the ships will be able 
to carry part loads of containers and general cargo in varying 
proportions. Container traffic between the Continent of Europe 
and Great Britain is rising rapidly and with the provision of : 
straight-through container service the B.T.C. is offering its custo 
mers a fast and economical service not envisaged a few years ago 
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Reinforcement for Concrete Structures 


Description of the Frameweld Technique 


(Specially contributed) 





ing of reinforcement for concrete structures. While it is 

normal practice to prefabricate units of reinforcement as far 

as possible in base workshops or at site, there is always 
some difficulty in ensuring that the final placing of the reinforce- 
ment and of the units themselves is exactly as planned. Moreover, 
loose bars, or bars tied together with binding wire are very liable 
to displacement, both during the completion of the shuttering and 
during the pouring of the concrete. In the former case, rectifica- 
tion is difficult and in the latter practically impossible. 

The system known as Frameweld Reinforcement consists of the 
prefabrication of beam and column units in a workshop, after 
which the units are despatched, in the required length and exact 
detail, to the construction site. The Frameweld units are designed 
for erection there, prior to placing the shuttering, and they form a 
self-supporting structural frame. All problems of level and posi- 
tion of steel are worked out in the drawing office and the units fit 
into their pre-determined positions simply and quickly. The 
shuttering may be positioned from the reinforcement frames after 
they have been placed, plumbed and levelled. In this manner the 
precision of structural steelwork construction is combined with the 
advantages of reinforced concrete construction. 

In the early stages of development, the beams were fabricated by 
building up a series of units, each complete in itself and composed 
of a top and bottom bar connected together by a continuous wire 
passing under the bottom and over the top bar to form a vertical 
frame. 

After very careful study, it was decided to investigate these prob- 
abilities: (a) that rigidity could be obtained by welding the diagonal 
wires to the top and bottom bars at each point of contact; (b) that, 
to obtain the required strength, the welded components could be 
arranged singly, or in series of two or more, to provide the neces- 
sary reinforcement for the beam; (c) that columns could be fabri- 
cated by welding a continuous helical wire to the main bars; (d) 
that, since the welding process might be a little more expensive 
than the ordinary methods of hooking, bending and wiring to- 
gether, it was desirable to make as many economies as possible in 
the fabrication, e.g., by omitting all hooking at the ends of the 
beam bars, and also omitting bent-up bars and transverse stirrups, 
since sufficient bend could probably be obtained from the diagonal 
wires at their welded points of contact with the main bars and ade- 
quate shear reinforcement would be provided by these diagonal 
wires. 

It was clear that laboratory tests would have to be made, but 
before doing so, it was decided to erect a very simple trial frame 
in order to guage the stability of a light, self-supporting reinforce- 
ment frame, and the practicability of levelling and plumbing before 
the shuttering was formed. The necessary details for this trial frame 
were prepared in the drawing office in the same way as for a steel- 
framed building. 

The units were fabricated to represent the lightest frame which 
might be called for in practice. The columns were provided with 
flats welded to the main bars to act as supports for the beam units. 
Grooves were provided in the top edge of the flats to receive each 
bar in its correct pre-determined position as shown on the detailed 
lrawings. Special clips were designed to secure the beam units to 
‘he columns, and distance pieces were arranged to preserve the cor- 
rect distance between the vertical beam components at convenient 
oints along the top and bottom. No transverse stirrups were 
ised. This trial erection proved much more rigid than was antici- 
vated. In fact, it was remarkably difficult to produce any appreci- 
ible effect on the structure, even by shaking the columns vigorously. 
‘he plumbing and levelling of the frame presented no difficulties, 
nd the experiment inspired sufficient confidence in the system to 
varrant a series of laboratory tests. 


T™ article is a general survey of a new technique in the fix- 


At this stage a technical team was formed to obtain data from 
laboratory tests and to prepare it for circulation to the structural 
engineering profession and industry. It was agreed that the Depart- 
ment of Scientific and Industrial Research would carry out the tests 
and make a full report of the results. The main object was to 
ascertain whether concrete beams reinforced with Frameweld units, 
having no hooked ends and no transverse stirrups, would be equally 
effective as beams reinforced by the conventional methods. 

Twenty-four beams were tested—eight with ordinary reinforce- 
ment and sixteen with shopwelded frames. The reinforcements 
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Fig, 1. 


Various types of reinforcements used in the beam tests. 





Fig. 2. Failures in heavily and lightly reinforced beams. 


were placed in beams ‘12-in. deep and 6-in. wide, having lengths of 
either 10-ft. 6-in. or 5-ft. 6-in. A cover of I-in. of concrete was 
used over the longitudinal bars in all beams. The main longitu- 
dinal reinforcement for, one series of beams consisted of two {-in. 
dia. mild steel bars, and for the other series two 1-in. dia. bars. 
Some of the various types of beam reinforcements are illustrated 
in Fig. 1. Fig. 2 shows the type of failure in heavily and lightly 
reinforcer beams. 

The table (Fig. 3) gives the test results of the beams of 10-ft. 
span, which show that the bending strengths of the beams formed 
with Frameweld units were as good as those of the beams with 
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Reinforcement for Concrete Structures—continued 


ordinary longitudinal bars and stirrups—this, in spite of the fact 
that the Frameweld bars were not provided with hooked ends. 

The tests made on a series of 5-ft. span beams were planned so 
that sheer resistance should be the criterion of strength and so that 
the value of the standard welded lattice of the Frameweld units, 
compared with reinforcement designed in the usual manner, should 
be revealed. 

In actual practice, additional sheer reinforcement would be pro- 
vided for short spans of this nature by closing the angle of the 
diagonal wires as and where required and/or increasing the size 
of the diagonal wires. However, for the purpose of the tests, the 
standard adopted for Frameweld units was used. Except where 
the 45° Frameweld unit is compared with very heavily reinforced 
beams, the results show that the load capacity of the Frameweld 
beams is very close to that of the normal beam, in spite of the fact 
that the sheer reinforcement is much less in the former. 

The table (Fig. 4) shows the ratios of the load carried and the 
weight of sheer reinforcement, taking a figure of 100 per cent. for 


the normal reinforced beam. In addition, for the series of beam 
marked 4A, 5A and 6A, using a high percentage of main steel, th 
value of the welded frame in providing bond without hooks wa 
amply demonstrated. The failure of short beams is shown in Fig 
5. In both of the normal steel specimens, the concrete at the end 
of the beams adjacent to the hooks was split off. 

Fig. 6 shows a typical load/deflection graph, beam No. | havin; 
normal reinforcement, and beams Nos. 2 and 3 having Framewel 
units. It will be observed that there is no important differenc: 
between the two types of beam with regard to stress in the mai 
bars, and the cracking, up to the failing load. At the design loads 
the deflection at mid-span in no case exceeded 1/770th of the span 
and the maximum crack width was only about 0.003-in. at the sur 
face of the concrete. 

During the tests, the Department of Scientific and Industrial Re 
search recorded the times required for wiring and/or placing the 
reinforcement in the moulds. The results shown in Fig. 7 illustrate 
the saving in placing the Frameweld reinforcement, but, of course. 

























































































Test Beam No. l IR 2 2R 3 3R 
Normal Normal | Frameweld | Frameweld | Frameweld | Frameweld 
Type of reinforcement - . - - Stirrups Stirrups 60° lattice | 60° lattice | 45° lattice | 45° lattice 
Age attest - - 7 - - - Days 56 58 58 57 57 59 
Load at primary failure - . - - Tons 5-9 $5 5-6 5-7 5*9 5-8 
Calculated stress in steel at primary failure | 1b./sq. in. 49,300 46,000 46,900 47,700 49,300 48,300 
Calculated stress in concrete at primary 
failure - - ‘- - - - | Ib./sq. in. 2,140 2,090 2,030 2,050 2,140 2,100 
Type of primary failure - - - Steel yield | Steel yield | Steel yield | Steel yield | Steel yield | Steel yield 
Maximum load’ - - - - - Tons 59 5°55 5-95 5-9 5-95 5-8 
: ys as c Concrete | Concrete | Concrete | Concrete | Concrete Concrete 
Type of secondary failure Crushing | Crushing | Crushing | Crushing | Crushing | Crushing 
Deflection at working load“ - - - Inches 0-097 0-102 0-097 0-088 0-087 0-095 
Deflection at twice working load - - Inches 0-24 0-255 0-24 0-235 0-21 0-245 
Load at first crack - - - - - Tons 1-5 1-5 £5 4-5 1-5 1-5 
No. of cracks at working load - - ' 15 12 14 12 12 12 
Inches 
Greatest crack width at working load - 107° 1-5 1-5 1-5 1-0 1-5 1-5 
No. of cracks at twice working load - ati 22 23 21 20 20 22 
Greatest crack width at twice working load 10°" 2°3 3:0 3-0 2-3 3:0 2-5 
No. of cracks at primary failure - - at 26 25 23 23 25 
2 = a Fig. 3 (above). Table of test results for beams of 10-ft. span. 
Fig. 4 (left centre). Table of ratio of load carried to weight of shear 
Load | Weight of reinforcement. 
Test Beam No. Type of Shear Reinforcement Capacity Reinforcement Fig. 5 (bottom left). Failures of short beams. 
First Series \—hihiaen = i.. 1- 10% =| ~ 100% Fig. 6 (below). A typical load/deflection graph. 
(4, 5 and 6). 
0-96, Main Steel | oo Frameweld ... ia faa Ss 2% ee 5 
45° Frameweld ... pu eae x | yA “ te 
Second Series Normal Reinforcement 100% | 100% 4 
(4A, SA, 6A). / | 
2-5% Main Steel 60° Frameweld ... a aes 803% 18% } $ 
| 45° Frameweld ... : aa. 2 60% 42% géam 3- 
} ' » 
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Reinforcement for Concrete Structures—continued 


it must be appreciated that this part of the test can only be accepted 

is a guide to the comparative merits because: 

(1) The test was under laboratory conditions. 

(2) The placing operation of beam reinforcement represents only 
a part of the necessary operations in fixing reinforcement. 

It will be seen that Frameweld units require only 1/12th the time 
for assembly and fixing on site of normal arrangements of bars and 
stirrups, and, from the above results it is established that the site 
labour per ton of steel is as follows: 


Normal Reinforcement 33 hours per ton 
Frameweld Units os sit 2.5 hours per ton 

The tests thus showed that there was likely to be a great economy 
in site labour if welded pre-fabricated units were used in lieu of 
reinforcement fixed by the usual methods. 

The results of the tests were encouraging enough to warrant a 
full-scale experiment, and it was agreed with a civil engineering 
contractor that the system should be tried out at the first opportun- 
ity. Fig. 8 shows the framing of this first job erected before the 
main body of carpenters or concreters started work on the site. 
The building was designed as an inner frame with outer load- 
bearing walls. The inner frame was constructed with columns and 
beams and the suspended floors were in pre-cast units. 























“" @ | ae i Se | 

| | Mins. Secs Mins. Secs | Mins. Secs 
1 } Normal 26 - 15 0 - S55 27 - 
IR | Normal 18 45 I 10 | 19 55 
2 | Frameweld 2 30 2 - 
2R =|“ Frameweld | 2 35 2 35 
3 | Frameweld 3 10 ,-« @ 
3R | Frameweld 2 40 2 - 4 
1A | Normal | w- Oo 1 10 20 - 10 
IAR Normal 20 - WO ! 15 21 - 45 
2A Frameweld 2 40 2 40 
2AR Frameweld 3 0 3 0 
3A Frameweld | 2 45 2 45 
3AR Framewce!ld 3 0 3 0 
4 ! Normal | 57 - 15 0 - 35 57 - 50 
4R Norma! 46 - O 0 45 46 45 
5 Frameweld j 2- @ 2 0 
5R Frameweld } 2 30 2 30 
6 Frameweld 3 10 3 10 
6R Frameweld 2 2 40 
4A Normal 49 0 0 45 49 - 0 
4AR Normal 45 - 0 0 40 45 49 
5A Frameweld ee 5 3 5 
SAR Frameweld 2 45 2: #% 
6A Frameweld | . | ¥ 10 2 10 
6AR Frameweld | -— I $5 1 55 
| 





Fig. 7. Table of results illustrating times required for wiring and/or 
placing reinforcement in the moulds. 


Fig. 9 shows the extra sheer reinforcment provided in the welded 
units for beams over the doorways by increasing the size and de- 
creasing the pitch of the diagonal wires. 

During concreting operations, the contractors found much greater 
freedom in tamping the concrete in the beams, thanks to the 
absence of transverse stirrups, and this naturally led to a saving in 
time and reduction in costs. 

This first experiment carried out under actual site conditions 
proved that Frameweld effects a distinct improvement in the tech- 
nique of reinforcement fixing. It also clearly demonstrated the 
advantage to the building contractor through the saving in concret- 
ing time and labour and, since the reinforcement is erected well in 
advance of other trades, the saving of those costs which accumulate 
when trades overlap. 

The erection of the extension to the factory of Messrs. S. C. 
Johnson and Son, Ltd. at West Drayton, provided an instance of 
the way in which the use of Frameweld overcomes the difficulties 
of working on a confined site. A small labour force kept the erec- 
tion of the reinforcement well in advance of the concreting work, 
and it was proved conclusively that the system eliminates the pos- 
sibility of the displacement of the rods after erection. The work 


















































Fig. 8. The framing of the first job erected before carpenters or 


concreters started work on the site. 

















Fig. 9. Extra shear reinforcement provided by increasing size and 
decreasing pitch of diagonal wires. 


























Fig. 10. An extension to the factory of S. C. Johnson and Son Ltd., 
at West Drayton. 


was carried out during an abnormally wet period but, thanks to the 
speed of erection of Frameweld on the site, no fine days were 
wasted in reinforcement placing (Fig. 10). 
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Reinforcement for Concrete Structures—continued 


Frameweld was also used in the building of the new laboratories 
at St. George’s Hospital, London, where the reinforcement frame 
had to be erected within the shell of an existing building. There 
was very little room for storage of building materials within the 
new structure, in a hospital precincts, or outside in the Mews, and 
it was therefore a great advantage to be able to erect the frame 
immediately on its arrival. This will be appreciated on reference 
to Fig. 11. 

Apart from its application in the construction of multi-storey 
and other structures above ground level, Frameweld can be used 
as reinforcement for the concrete rafts used for house foundations 











Fig. 11. 


Frameweld reinforcement frame erected inside existing 
building at St. George’s Hospital. 


when the ground is of low bearing value, or for the type of raft 
used when a whole housing estate is in danger of subsidence due to 
mining operations. 

Letters patent for the Frameweld system of reinforcement have 
been granted under No. 589066 in the names of T. C. Jones and 
Company, Ltd., and A. L. Wolley jointly. 

Thanks are due to the Department of Scientific and Industrial 
Research for permission to publish details of the tests conducted 
by them, and also for the use of the illustrations which they kindly 
supplied. 





Port of Wellington, New Zealand 


Excerpts from Annual Report for 1955 





The Report of the Wellington Harbour Board’s operations 
during the year ended 30th September, 1955, show that the im- 
provement in the trade of the Port noted in the previous year was 
maintained last year and increases were again recorded in both 
the tonnage of cargo handled and in shipping arrivals. 

The manifest tonnage of cargo increased to 2,563.622 tons, 
making this the third highest trading year in the Board’s history. 
The tonnage of shipping for the year was 3,966,385 net registered 
tons, an increase of 5.6 per cent. over the previous year. The only 
decrease of any moment in trade commodities was in coal which 
fell away by 25,676 tons from last year, representing a reduction 
of 15.6 per cent. in this item of trade. 

The buoyant trade position is reflected in the financial results. 
The revenue for the year reached a record total of £1,609,805. Ex- 
penditure increased by £114,547 to £1,396,466. The cost of repairs 
and maintenance services amounted to £164,240 which is the largest 
amount spent by the Board on this work in any one year. The 
Repairs and Maintenance Reserve Fund was drawn on to the extent 
of £26,583 to meet the cost of this work. 

The year’s working resulted in a net surplus of £158,944 after 
allowing for appropriations, as compared with £19,908 for 1954. 
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The full effect of the recent increases in wages to the staff and tc 
waterside workers employed by the Board, estimated to cost £35,00 
per annum, 2nd the payment of a service bonus to the staff will no 
be seen until the present year’s figures are available, but, havin; 
this in mind, the results reveal a most satisfactory position. 

The excess of assets over liabilities is now £3,794,099 and th 
sound position of the various special funds was maintained durin; 
the year. The net loan indebtedness is £700,197. 


Improvement Works in Hand. 


The reconstruction of Waterloo Quay Wharf is the major har 
bour work in progress at the present time. The Board’s construc 
tion staff is engaged in the removal cf a strip of wharf 20-ft. wid 
by 177-ft. long on the inner end of the east side, widening of the 
west side by 10-ft. and replacing of the timber decking with a con 
crete slab. Tenders have been accepted for the fabrication and 
erection of the steel framing of the shed and for the erection o! 
the new building measuring 348-ft. in length and 48-ft. 6-in. in 
width and providing 15,200 square feet of floor space. The new 
store will be equipped with two overhead electric travelling cranes 
and when completed will be a valuable acquisition to the facilities 
for handling coastal cargoes. The project is being financed by a 
loan of £107,000. 

With the increased imports of hardwood timber, steel and similar 
commodities requiring outside stowage it has teen found necessary 
to provide additional open areas for handling these goods. At 
Aotea Quay an area of 15,390 square yards is being provided in 
concrete and another 1,400 square yards at Cornwell Street. A 
contract for £52,651 has been let and this work is now proceeding. 

During the year consideration was given to the condition of the 
timber wharves and sheds between the Harbour Ferry Wharf and 
the Taranaki Street Wharf. All these wharves were built between 
1862 and 1909 and unless a major reclamation is made, they will 
eventually have to be rebuilt or reconstructed. Various schemes 
of replanning and reconstruction have been suggested and, during 
the last fifteen years, with the knowledge that rebuilding was in- 
evitable, major repairs, such as redecking, have purposely been 
avoided. In 1952, a report on schemes of reclamation including 
the Jervois Quay—Customhouse Quay scheme was made to the 
Board. This report was referred to the Wellington City Council 
and the Regional Planning Council for their views and these will 
be considered in the near future. When a scheme for rebuilding the 
wharves in the Lambton Basin is adopted detailed plans will be 
prepared. In the meantime authority has been given for the re- 
decking of portions of the Queen’s Wharf and for the provision of 
a 20-ft. through road on timber piles in front of No. 1! Berth 
at an estimated total cost of £33,250. 

During the year one of the Board’s wool sheds (No. 29) was 
destroyed by fire and since that time the Board’s storage space for 
export wool has been considerably restricted. Tenders have been 
called for the foundations and for the design, fabrication and erec- 
tion of the steelwork for a new wool store with an area of about 
24,500 square feet and a clear height of 35-ft. equipped with four 
overhead cranes and two new double wool presses. In addition a 
garage building of 15,000 square feet and an amenities building 
of two floors having a total area of 9.200 square feet are to be 
provided. The estimated cost of all these works is £220,000. 





Opening of New N.D.L.B. Offices. 

The new head office building of the National Dock Labour 
Board on the Albert Embankment. London, was opened last month 
by the Duke of Edinburgh. This modern ten-storey building re- 
places scattered properties in Mayfair which had to be vacated. 
Its building marks the completion of the first phase of the Board’s 
building programme, under which 37 new call stands and offices 
have been built and 13 more modernised, 26 new medical centres 
opened and 30 modernised, and 9 first-aid centres and 7 shelters 
erected. The total expenditure of the programme is £1,409,151. 
The second stage in the building programme provides for the 
modernisation of 55 buildings during the next five years. 

The Duke was welcomed by Lord Crook (Chairman of the 
National Dock Labour Board) who stated that the headquarters 
staff will be dealing with the many tasks associated with the 
80,000 dockworkers engaged in the turn-round of ships in 84 ports 
throughout Great Britain. 
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The Hydraulic Dredge 


It’s History, Development and Operation, 1855-1956 





By OLE E. ERICKSON, Consulting Engineer. 


of the centrifugal pump in France by Papin in 1705. The 

first steam engine applied to dredge service was built in 

England by Watt in 1795. By 1855 the centrifugal pump 
had been improved by Andrews, Appold, Gwynne and others so 
that Schwartzcoff and Hoffman built and installed a pump and 
steam engine assembly on a barge and called it a hydraulic dredge. 
They also developed the floating pontoon line for disposal of the 
material. For flexible joints between pipes they used leather 
sleeves. They soon found that a cutter was required to cut the 
material so they developed what was probably the first dredge 
cutter. This dredge worked successfully dredging canals, filling 
marshes and reclaiming land in areas near Berlin, Germany. 

The “ General Moultrie” was the first hydraulic dredge, and 
also hopper dredge, built in the United States. It was desig ied 
by Lebby & Associates in Charleston, S.C. in 1855. The hull was 
150-ft. long with hoppers built in hull. It had a 19-in. suction 
pipe and a 6-in. pump. An agitator, or original of the present 
hopper dredge drag, was used on the end of the pipe for cutting 
loose the hard sand. This dredge had a production of around 
330 cubic yards per day and successfully dredged the Charleston 
Bar after a ladder type dredge had failed. 

The earliest recorded forerunner of our present day cutter was 
developed by Atkinson in 1862, improved by Duval in 1869. and 
further improved by Vivian for use on the Chicago Drainage Canal 
in Illinois. Various important improvements have since been 
made and there are now over fifty patents on dredge cutters in the 
U.S. Patent Office. Present day heavy duty rock cutters weigh 
up to 25 tons and will cut most types of soft to medium hard rock 
depending on the type and rotative speed of the cutter. 

The size of hydraulic dredge hulls, and strength of design. varies 
greatly. Generally a 10-in. discharge dredge has a steel hull with 
two longitudinal bulkheads and three or more transverse bulk- 
heads, all oil and water-tight, with overall dimensions of 20-in. 
wide, 60-ft. to 70-ft. long and 5-ft. to 6-ft. deep. A 20-in. dredge 
hull averages 32-ft. wide, 125-ft. to 140-ft. long by 7-ft. to 8-ft. 
deep, with fifteen to twenty-five oil and water-tight compartments. 
An average 30-in. dredge is 45-ft. to 50-ft. wide, 170-ft. to 200-ft. 
long, and 12-ft. to 14-ft. deep with twenty to thirty oil and water- 
tight compartments. Some of the dredges in the larger sizes are 
built to American Bureau of Shipping specifications. The stern or 
spud end of hull and house is sometimes moulded as a ship's 
bow for better ocean towing. 

Dredge ladders vary in weight from 15 tons on 10-in. dredges 
to 250 tons and over on the larger dredges, and from 25-ft. to 130-ft. 
in length. They are made from heavy wide flange beams or built 
up construction. On longer ladders a special pump application 
becomes necessary for top production. A-frames are built out 
over bow of dredge to carry the ladder lifting tackle which varies 
from 6 to 12 part line. The A-frame also carries the supporting 
structure for the anchor boom backstays. 

Spuds are now made altogether from steel and vary in diameter 
from 12-in. extra heavy pipe on 10-in. dredges to 44-in. O.D. by 
2—-1/2-in. wall thickness at top tapering to 1—1/2-in. at point on 
the larger dredges and in some cases are made from Silican or 
equal steel. Also a sliding sleeve that can be set 50-ft. or more 
below the hull for dredging with spud sliding inside sleeve is now 
in use. This permits dredging to over 100-ft. depth. Spud gan- 
tries for lifting spuds vary from 30-ft. to 70-ft. in height. Most 
spud wells now have hinged gates for easy removing of spuds. 
_The main dredge pumps used on hydraulic dredges vary con- 
siderably but the trend now is towards pumps with all wearing 
surfaces lined. Usually the liners are of special alloys, 300 to 650 
Brinnel hardness. Impellers are also made of alloy steel for long 
wear. Impeller r.p.m. varies from 900 r.p.m. on 8-in. pump to 


Ts first step toward hydraulic dredging was the invention 





300 r.p.m. on 36-in. pumps, with vane tip speeds of 9,000-ft. and 
over per minute. Specific speeds vary from 800 on 36-in. dredges 
to 2,000 on 10-in. dredges. Discharge vane angle at tip varies 
between 20° and 30°. Impellers now, with few exceptions, are 
screwed on shaft against shoulder using a double or triple acme 
thread. Shaft diameter varies between 4-in. and 18-in. with shafts 
usually made of high alloy steel to withstand shock. Kingsbury 
thrust bearings are almost universally used. On the larger dredges 
average pump efficiency is 60 per cent. to 70 per cent. There has 
recently become available to dredge contractors the patented Hofer 
automatic relief valve which eliminates “ choke offs” from high 
vacuum and greatly reduces water hammer in pump and pipelines. 
An increase in production of 5 per cent. to 10 per cent. can be 
obtained by using this valve. The Hofer valve is also beneficial 
when gaseous materials are pumped although in extremely gaseous 
pumping a gas ejector should be installed as well. 

Horsepower requirements on dredge pumps vary greatly but the 
trend is to highly increased power. The following is near top 





Typical 16-in. discharge hydraulic dredge, sectional hull, for 

dredging hard material. Maximum cutter power 500 h.p., pump 

power 1,200 h.p. Note heavy duty ladder, 30-in. wide fiange 
beams with removable section. 


horsepower at present: 10-in. discharge dredges have 500 h.p.: 
12-in., 900 h.p.: 14-in., 1100 h.p.; 16-in., 1600 h.v.; 18-in., 2000 
h.p.; 20-in., 2400 h.p.; 22-in., 3000 h.p.; 24-in.: 27-in., 6000 h.p.: 
30-in., 8000 h.p.; and 36-in., 10,000 h.p. In 1930 the pump horse- 
power requirements were less than half of the above for each size 
dredge. 

Cutter horsepower requirements have also more than doubled 
since 1930. There are now 14-in. dredges with over 400 h.p. on 
cutter; 22-in. dredges with 800 h.p.: 28-in. and 30-in. with 1500 
h.p. plus. Some 24-in. and 30-in. dredges now under design will 
have 2500 h.p. on cutter. Cutter r.p.m. varies between 15 and 45 


r.p.m. depending on the materials pumped and size of cutter. Both 
D.C. and A.C. current is used. With A.C. current two to four 
speed motors are used Motors and cutter reduction gears on all 
late design dredges are placed on back end of dredge ladder. Late 
designs also place adequate thrust bearings in the reduction gear 
This eliminates 
Cutter 


case for taking all thrust from cutter inside case. 
all outside thrust bearings and their costly maintenance. 
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shaft diameter ranges from 5-in. to 16-in. and over and shafts are 
usually made from the best alloy steel. Cutter end shaft bearings 
are usually rubber lined. Dredge cutters are screwed on to shaft 
against shoulder using double or triple acme threads and are 
quickly removed by reversing cutter motor. 

The hauling winch or swing gear for dredge in channel on late 
design dredges has an average maximum cable pull on 10-in. 
dredges of about 25,000 pounds. On 30-in. or larger dredges 
there is a line pull of 100,000 to 130,000 pounds at 20-ft. to 30-ft. 
per minute, and top cable speeds of 150-ft. and over for light 
dredging. The spud hoist on most modern dredges is placed at 
stern near the spuds. This makes for better and cheaper opera- 
tion. The spud hoist on the average large dredge has three drums 
so that the dredge can operate on cables and anchors in rough 
seas or exposed locations when spuds cannot be used. 

Nearly all swing gears are operated by an air or hydraulic system 
from a central control panel or board in the operating room, so 
also is the cutter speed variation and in some cases the dredge 
pump speed. Practically all medium to large dredges now have 
Gyro compass installations with repeaters, sometimes including 
a course recorder. They also have recording vacuum and pres- 
sure gauges. Some also have recording watt meters on cutter and 
swing. These records, when analysed together, pin point the best 
operators on the dredge, the best method of operation, and indi- 
cate the best means of increasing production. 

The power plant now used on dredges is divided between tur- 
bine, Diesel and Diesel electric. Dredges up to 24-in. discharge 
aro almost without exception direct Diesel driven, sometimes 
through reduction gears. Above 24-in. steam turbine or Diesel 
electric drives are used for the most part. The Diesel electric 
dredge will have two to six, or more, high speed Diesels driving 
generators furnishing power for the various motors. On the Paci- 
fic coast where shore power is obtained cheaply there are a few 
straight electric dredges. Also the special purpose 36-in. electric 
dredges at present operating in Canada at Steep Rock are powered 
with 10,000 h.p. on dredge pumps and their boosters. 

The diameter of the suction pipeline leading to dredge pump 
varies somewhat in ratio to the discharge pipe according to the 
individual contractor’s point of view. Usually in the ratio of 1.26 
to 1.56 to 1, or for a 24-in. discharge dredge the suction pipe 
would be 27-in. to 30-in. The suction pipe is usually placed so 
that the centre line of pipe coincides with the average draft line of 
dredge. By having a large suction pipe, as specified above, the 
water vacuum carried can usually be kept at 6-in. to 8-in., at 12-ft. 
to 14-ft. velocity of mixture pumped. A good dredge pump will 
generally carry 27-in. top dredging vacuum, which with 7-in. of 
water vacuum, leaves 20-in. vacuum or about 22.6-ft. suction head 
for material handling. This is most important for top production 
as it permits the carrying of a high percentage of solids, over 50 
per cent. with good materials and favourable conditions. 

The discharge pipeline is usually placed on deck outside deck 
house and connected to the floating pontoon line through a swivel 





Test run of 8-in.—10-in, Diesel drive dredge for narrow channel 
dredging on light filling work. 
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End of pipeline showing approximately 20-ft. velocity discharge 
from 30-in. pipe, pumping sand, gravel and shale. 


elbow on large dredges, and vertically placed ball joints on smaller 
dredges. The floating pontoon line is coupled together by ball 
joints in varying lengths from 20-ft. to 300-ft. between joints de- 
pending on operating conditions. The best suited pontoon float 
has semi-moulded rake ends and sides to reduce resistance to 
current and wave action. The pipe is fastened by clamps and 
by bolting to a saddle cut down into the top of pontoon. This 
makes a cheap, strong and very seaworthy pipeline, which is all 
important for open, rough water operation. Pipe in the larger 
diameters vary in thickness from l-in. to 3-in., and are usually 
made from abrasive resisting alloy steel. Quite often submerged 
piclines are used where heavy traffic is operating, often in lengths 
of 5,000-ft. or more. The pipe is coupled together with ball 
joints, floated to location and sunk. 

The application of flexible ball joints to the flooding pontoon 
lines permit pipeline pressures of up to 200 pounds or higher to be 
carried on the iine, except that for pressures over 160 pounds 
special designs are required to avoid freezing of joint. A rubber 
hose type armoured suction connection is now used exclusively. 
This permits a much better flow condition to the dredge pump 
than the old type swivel elbow. The swivel elbow is used on 
stern of dredge as it allows about 180° swing of pontoon line. A 
ball joint placed in a vertical position permits the same flexibility 
of swing and is much cheaper to install and requires less upkeep. 

Pipe for shore operation has been standardised to lengths be- 
tween 16-ft. and 20-ft., with telescoping tapered joints for average 
operations. For high pressures on long pipelines flanged joints are 
used. This pipe also is usually of high alloy wear resisting steel. 

The shoreline is usually split up into several lings or branches 
when shallow filling is done. There are several types of valves 
for changing the flow from one line to another. They are power 
operated on large dredges and manually on the smaller. Light 
crawler cranes and tractors are now standard equipment on most 
dredge fills. Constant radio contact is available between dredge 
and shore and also between the dredge and various tugs, derricks 
and other auxiliary equipment. 

To reduce delay due to shifting swing anchors and to obviate 
the necessity for having a boat available for this purpose when 
required, almost all modern dredges have anchor booms 75-ft. to 
140-ft. long extending out at 45° from bow on either side of 
dredge. With these booms the operator moves the anchors ahead 
as required without delay to dredge operations. This is a great 
saving, particularly ir shallow water requiring special floating 
plant to operate. 

The majority of all large dredges have a base of operation set 
up on shore adjacent to the project or on a large covered barge 
nearby. On this base or barge rather complete shop facilities 
are set up for equipment repairs, and special welding and minor 
machine work, depending on the size of the project and the 
material excavated. If rock is being dredged a large welding 
force is necessary to keep the dredge cutters in good condition. 

For general efficient operation of a large hydraulic dredge, say 
30-in., with an aproximate total of 11,000 h.p. on board, careful 
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planning ahead for all operations is necessary. The important 
part is planning and lay-out of spoil or disposal areas, adequate 
ievees and large spillways so that no loss of time and/or damage 
suits occur from broken levees, and planning to see that the fill 
is placed to the specified grades called for on plans. Also careful 
lay-out of the various dredge cuts is necessary, the most practical 
pipeline locations must be worked out, whether floating pontoon 
lines or submerged lines would be best. The placing and opera- 
tion of the shorelines so as to avoid delay also requires careful 
checking ahead. On large projects it is good practice to have a 
general plan showing the various dredge cuts, pipeline locations, 
levees, spillways and a co-ordinated time schedule for the many 
operations. Copies of this plan are then made available to the 
field superintendent for consultation by telephone or radio when 
necessary with the head office. 

Hydraulic dredges operate twenty-four hours a day, usually 
seven days a week. All changes of dredge in cut or location, 
changes of pipelines, both afloat and on shore are done as much 
as possible in the daytime and the night is used for dredging only, 
which is called “ placing the material on the hill.” Under average 
dredging conditions twenty-two operating hours a day are 
obtained, quite often twenty-three, and occasionally twenty-four. 
In rock dredging this performance drops to eighteen or twenty 
hours due to renewals of cutter teeth, pump parts and other 
problems, depending on the hardness of the rock. 

Operating personnel on dredges vary greatly with size of dredge, 
and also physical conditions of the project. Generally eight hour 
shifts are worked, and a 10-in. dredge has a total crew of 15 to 18 
men per twenty-four hour day: a 20-in. dredge about 40 to 50 
men; and a 30-in. dredge has 75 to 100 men, and sometimes more, 
per twenty-four hour day. 

Likewise operating costs vary widely, depending on the con- 
tractor to some extent, but more on the physical conditions of the 
project. Average over-all costs for the 10-in. dredge for twenty- 
four hour day operation is $15,000 monthly; 20-in. dredges $50,000 
monthly and 30-in. dredges $100,000 monthly. These costs may 
vary 25 per cent. up or down. In silty materials and with favour- 
able operating conditions the costs would be the lower figure and 
in rock dredging it would be the higher. 

Production in various materials varies widely, generally a good 
10-in. dredge on 2,000-ft. to 3,000-ft. pipeline will pump 250 to 
400 cubic yards per hour in soft materials, and in soft rock 50 
to 100 cubic yards. A well designed 20-in. dredge with 2,000 
to 2,500 h.p. on pump and 750 h.p. on cutter will pump 1,200 to 
2,000 cubic yards per hour in soft materials, and 150 to 300 cubic 
yards in soft to medium hard rock, on pipeline lengths up to 
10,000-ft. A well designed 30-in. dredge with 5,000 to 8,000 h.p. 
on pump and 1,500 to 2,000 h.p. on cutter will pump in soft 
materials 2,000 to 4,000 plus cubic yards per hour, and in soft 
to medium hard rock 500 to 1,500 plus cubic yards per hour, on 
pipeline lengths up to 15,000-ft. and longer. 





Dredge discharge, soft to medium hard lime rock, 4-in. to 10-in. 
diameter, Dredged by 22-in, to 28-in. hydraulic dredges. 
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Hydraulic Dredge—continued 









A 30-in. dredge cutter dredging medium hard material, about 30 


r.p.m. speed, 1,500 h.p. Dredge ‘ Western Chief.” 

In some, particularly harder materials, the hydraulic dredge 
can be adapted to pump into hopper barges, also called dump 
scows, where spoil areas are not available. Two or more barges 
should be used to divide the flow from large dredges. The hopper 
barges or scows when full are towed to available dumping 
grounds. Under certain conditions this method of disposal will 
compare well with dipper dredges loading into barges, and 
possibly also with the ladder type dredges. 

Hydraulic dredging may be done to depths of 150-ft. or more 
by providing special pumping equipment on the dredge ladder. 
Dredging may be done in exposed locations in considerable sea 
action by using three cables at stern of dredge instead of spuds. 
Considerable dredging has been done by this method on both 
the Atlantic and Pacific coasts. 

Recently sectional hull dredges have come into use. These 
dredges are built in sections and bolted together with high strength 
bolts. They can be quickly assembled and disassembled for ship- 
ment by rail, truck or ship as required either for overseas or to 
inaccessible inland locations. Sectional hull construction will in- 
crease the cost of a hydraulic dredge about 4 per cent. One notable 
example of a sectional dredge is the 30-in. discharge Diesel electric 
Dredge “ Western Chief,” which has about 11,000 h.p. on board. 

Cost of well designed dredges range from $200 to $250 per 
horsepower. 

The direct Diesel drive dredge is the cheapest, next the steam 
turbine, then the Diesel electric. While the Diesel electric dredge 
is the more costly it is also the most flexible in operation due to 
the ease of power control. The direct Diesel drive dredge is by 
far the most popular and the best money maker. There are more 
of this type than of all other types combined. 








End of Phasing at the Port of Mombasa. 

It has been announced by the East African Railways and Har- 
bours Administration that the restrictions and limitations of cargo 
which have been in operation for the last four years in all East 
African ports have now been lifted. The “ backlog” of cargo 
from the United Kingdom and all other areas has been absorbed 
and a special meeting of the Mombasa Phasing Committee was 
therefore convened for the purpose of suspending the phasing 
scheme. The announcement states that during the past few 
months all cargoes passing through Mombasa Port have been 
freely dealt with and there has been a margin of capacity, while 
over the railway system there is now a wide margin of unused 
capacity—both in locomotives and wagons—which is in readiness 
for future traffic expansion. 

Phasing at Mombasa was introduced in February, 1952. The 
port had been congested since early post-war days in 1947, until a 
stage was reached when some vessels were delayed as much as 
70 days before they could discharge. The end of cargo phasing 
means that from now on any ship may call at Mombasa with any 
tonnage with any cargo from any area. 

Indirect routing regulations which applied to the ports of Tanga 
and Dar-es-Salaam have similarly been rescinded. 
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A New Underwater Floodlight 


By G. G. MACNEICE (Admiralty Research Laboratory). 


At the time of the rapid development of 
underwater television in May, 1951, and 
during its subsequent intensive use to sur- 
vey the wreck of H.M. Submarine “Affray,” 
the only available underwater lighting units 
suitable for use with the television camera 
were the standard divers all-round lamp 
consisting of a 1} k.w. tungsten bulb en- 
closed in a watertight housing and an 
experimental watertight lamp housing with 
reflector, previously made at the Admiralty 
Research Laboratory, containing a 140 W. 
sodium discharge lamp. The depth of opera- 
tion, 280-ft., was too great for the latter and 
although near the pressure limit of the 
former, it mevertheless did good service 
during the work which lasted for several 
months. 


It was obvious, however, that there was a 
need for some research and development in 
order to evolve a new form of underwater 
lamp suitable for the further applications of 
television. The following characteristics 
were deemed to be required in the new 
lamp:— 

(a) Pressure resistance—the lamp should 
be suitable for use at depths down to 
1,000-ft. 

(b) Simplicity—the design should be such 
that any watertight sealing is made simple 
but sure, in view of the above depth. 

(c) Efficiency—all the light from the bulb 
should be directed into a required cone of 
uniform light in the water by a suitable re- 
flector. 

(d) Lightness: (1) for ease of handling 
and fixing, and (ii) because of its possible 
use in other underwater applications. 


The Free Flocded Lamp. 


A study of any form of orthodox light- 
ing unit consisting of a watertight housing 
enclosing a light source, readily reveals that 
simplicity, efficiency and lightness are inter- 
dependent and each is roughly inversely 
proportional to the pressure resistance. 
However, during some underwater television 
trials in late 1951, lighting in the form of a 
free flooded 2 kw. tungsten bulb mounted 
in a crude reflector was tried and used suc- 
cessfully at depths dowy to 100-ft. (The 
term free flooded means that the hydro- 
static pressure is resisted by the glass enve- 
lope.) Experience gained with this lamp 
indicated that here was the basis for deve- 
lopment of a type of lighting unit which 
would fulfil the requirements set out above. 

At this stage little was known about the 
pressure resistance of light sources, either 
tungsten or discharge, but it was obvious 
that, provided a suitable source couid be 
either found or developed to withstand the 
pressure at 1,000-ft.. the other required 
characteristics could be ensured by careful 
design of the remaining components and 
form of the lamp. Additionai features, of 
no small importance, would be the ease and 
relative cheapness of production of a free 
flooded type of lamp as there would be no 


castings, thick glass windows and window 
mountings to be machined as in the case of 
the enclosed type of lamp. In fact the only 
machining envisaged was the spinning of 
the reflector. The search for a suitable light 
source was therefore undertaken with a view 
to dsigning and producing prototype free 
flooded lamps. 


Types of Lights Source: Tungsten versus 
Discharge Lamps. 

Whether it is possible to see further 
underwater with a discharge source such as 
sodium, or with a tungsten source is a con- 
troversial subject in underwater circles. 
Some divers report that sodium light enables 
them to see better; this has given rise to a 
popular belief that the characteristically 
coloured light of discharge sources pene- 
trates sea water of doubtful clarity to a 
greater degree than the white light from a 
tungsten source. ‘Two possible reasons for 
these reports are (a) psychological, a 
coloured light like sodium may be soothing 
to his eyes thus prompting the diver to be- 
lieve that he sees further in much the same 
way as the car driver believes he can see 
further through a wet fog because he puts 
a deep yellow filter over his fog lamp, or (b) 
The discharge sources tried by the divers 
being mounted in reflectors produced a 
beam in the required direction, whereas the 
white tungsten lamp to which they were 
accustomed cast an all-round light which 
either blinded the diver if it were in front 
of him or cast a shadow if behind him. There 
are no scientific grounds, however, to sup- 
port the belief that any selected part or parts 
of the spectrum have significantly greater 
penetrating powers through sea water with 
a range of turbidity such as that found 
around the coast of Britain. 

In these waters, loss of visibility through 
absorption may be regarded as negligible 
compared with the effect of scattering caused 
by particles of chalk, mud. organic material 
etc., suspended in the water. Since a large 
proportion of these particles are much 
greater in size than the wavelengths of visible 
light, it follows! that the resulting scattering 
is effectively independent of wavelength and 
uniform throughout the spectrum. This 
would equally apply to ultra violet and near 
infra-red radiations were they not already 
heavily absorbed by the water?. 

The foregoing remarks were backed up 
experimentally when, during a trial, the 
ranges obtained with different types of 
source. Mercury, Sodium, Orange filtered 
tungsten and plain tungsten were investi- 
gated with the underwater television camera 
in waters of different turbidity. The dissimi- 
lar luminous output of the sources used pre- 
vented a rigid comparison being obtained, 
but it is safe to say that no measurable im- 
provement in range seemed likely by em- 
ploying special light sources. The ranges 
obtained with these sources were never 
greater and generally less than that obtained 
with plain tungsten lighting. 
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Tungsten has several advantages from the 
operational point of view:— 

(a) Instantaneous illumination. No wim. 
ing up period. 

(b) Simplicity—no chokes, transforme: ; or 
ballast resistances are necessary. 

(c) A wide range of voltage and wat:age 
ratings is available. 

(d) They are cheaper to produce than |is- 
charge lamps. 

In view of the foregoing, the odds vere 
very much in favour of tungsten, never: he- 
less the various types of modern disch:rge 
lamps were carefully reviewed to see if any 
might be particularly suitable for use as a 
free-flooded lamp. The 1,000 w. type MD H 
high pressure mercury lamp was found to 
be the only discharge source which could be 
considered, but it was put aside mainly be- 
cause of the hazards, specially aboard ship, 
which would be introduced by its high 
operating voltage (1,000 v.). This source 
has in fact been used underwater in a “semi- 
free-flooded” lamp. It is understood that its 
use was discontinued as the source was 
found to have a very short life, probably due 
to the arc running at an incorrect tempera- 
ture. As the MD/H source consists of a 
very high intensity arc enclosed in a thick 
glass capillary tube, it ought to withstand 
extremely high pressures, therefore if a re- 
quirement arises in the future for illumina- 
tion at very great depths, this source would 
have a value which should not be over- 
looked. 


Experimental Work. 

The only reliable information found on 
the pressure resistance of tungsten bulbs was 
obtained from a report kindly supplied by 
Messrs. B.T.H. Co.*, which records the re- 
sults of a series of pressure tests on a variety 
of tungsten bulbs. In most of these tests the 
pressure was taken to 150 p.s.i., in some 
cases to 200 p.s.i., and the results showed 
that any normal shape of bulb from the 
domestic 25 w. up to the 5 kw. studio bulb 
certainly withstood 150 p.s.i. This was en- 
couraging information but the range of 
pressure tests would have to be extended by 
a factor of at least three to seek a suitable 
lamp for use at 1,000-ft. 

With this in view a pressure equipment 
was made up in the laboratory consisting of 
a 21-in. length of 13-in. diameter water pipe 
flanged at each end with cover plates bolted 
on with rubber insertion gaskets to make 
the seal. The pressure gauge and water in- 
let valve were screwed into one end plate, 
regarded as the lid, which also had a small 
vent plug for letting out any trapped air 
before increasing the pressure. A small hand 
operated hydraulic pump connected by a 
length of strongly reinforced hose supplied 
the pressure. Initially the end plates were 
l-in. thick cast iron but after one fractured 
at a pressure of 450 p.s.i. they were both 
replaced by 1-in. mild steel. By a few im- 
provements in this equipment, it was ulli- 
mately possible to carry out tests up to 650 
p.s.i. 

On studying the results of these tests three 
significant points were obvious:— 


(a) Although it was expected that the odd 
shaped bulbs such as sealed beam and r-- 
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ficctor spot would not stand much pressure. 
the common tubular and spherical shapes 
withstood a pressure much greater than was 
expected. 

(b) The small headlamp type bulbs could 
not be broken by the maximum pressure of 
the pot, 650 p.s.i. . 

(c) The standard 2 kw. spherical bi-post 
lamps stood on the average a pressure of 
about 400 p.s.i., equal to a depth of 800-ft., 
which was not far off the required working 
depth. 

An examination of the fragments of frac- 
tured envelopes of the bi-post lamps re- 
vealed large non-uniformities in the thick- 
ness of glass in any one envelope. It varied 
from slightly under 1 mm. to just over 2 
mm. Two lines of development now sug- 
gested themselves, first, to try to improve 
the performance of the bi-post lamp to the 
required degree by making the envelope 
more uniform and a little thicker, and 
secondly to make a lamp which would be 
a compromise between the bi-post and the 
small headlamp bulb, in other words a lamp 
with a smaller envelope for its rated power 
than would be tolerated for use in air, but 
suitable for use in water, where the cooling 
effect on the immersed envelope is very 
great. 


Development of New Bulb. 

Messrs. G.E.C. were then approached and 
agreed to make some experimental bulbs on 
the two lines suggested above. The first line 
was soon discarded as it was found that it 
was too difficult to control the uniformity of 
thickness to the limits required. A suggested 
specification for the second line of develop- 
ment was then prepared as a result of which 
some prototypes were manufactured and 
proved satisfactory. These new bulbs had a 
4-in. diameter spherical envelope with an ex- 
tended tubular neck around which the water- 
tight seal could be made. They were fitted 
with a standard projection type 1 kw. fila- 
ment and were at this stage uncapped. A 
moulded rubber sealing muff was designed 
to seal the connections to the bulb, being 
clamped round the supply cable at one end 
and clamped round the neck of the bulb at 
the other end. 


Development of Complete Lamp. 
Having achieved success with the bulb it 
only remained to design fittings such as re- 
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Developed 1 kW. bulb (centre) with its fore- 
years, a 2 KW. bi-post studio lamp and an 
80 W. car headlamp type bulb. 





THE Dock AND HARBOUR AUTHORITY 


137 


A New Underwater Floodlight—continued 


flector, cap and holder, mounting clamp, 
etc., to make a complete underwater lamp. 

Reflector. The reflector specification was 
drawn up and a few sample reflectors made, 
three in Birmabright and two in anodised 
aluminium. The reflectors were required to 
clamp round the sealing muff on the neck of 
the bulb and to produce a 90° cone of uni- 
form light, with the new bulb. They were to 
be deep, coming well forward of the bulb so 
as to provide protection. 

Bulb Cap and Holder. It was agreed to 
fit the standard E.S. type cap to the lamp 
though not screwed into its holder as this 
would have been difficult owing to the fric- 
tion of the rubber sealing muff. The holder 
was designed to fit snugly into its recess in 
the muff and had a spring loaded centre con- 
tact and three leaf springs of Phosphor 
Bronze to make contact with the screwed 
part of the cap. The outside of the holder 
was tubular in form to support the muff 
against pressure. 

Muff. The internal shape of the mouided 
rubber muff was altered to accept the holder 
and lamp cap. 

Mounting Clamps. A parallel section was 
provided on the muff behind the reflector on 
to which a bracket could be clamped; for 
television use a “Kee-Klamp” fitting was 
fitted to the bracket for mounting the lamp 
on the lighting frame. For other uses, any 
form of clip or stand could be attached to 
the bracket. 


Trials—-Performance. 


The first prototype lamp completed in the 
laboratory was taken immediately to Liver- 
pool where it was frequently used by divers 
working on the burnt out hull of the liner 
“Empress of Canada.” It is understood to 
have worked successfully and proved of 
value. 

A further pair of lamps, one with Birma- 
bright reflector, was in constant use with a 
television camera for a period of six months. 
At the end of this period it was found that 
the anodised aluminium reflector was almost 
as bright and good as new though it had a 
few dents, but the Birmabright reflector had 
been attacked by the action of sea water 
causing its inner reflector surface to be badly 
pitted all over, thus showing that this 
material was unsuitable for the application. 
Further supplies of reflectors were made of 
high grade aluminium which is easy to spin 
and when anodised, remarkably resistant to 
sea water. 

The lamps were given an arduous test 
while being used throughout the operations 
near Elba (see Journal of the Royal Naval 
Scientific Service—July, 1954). They were in 
daily use at depths over 400-ft. not only with 
television but to provide illumination for the 
observation chamber and salvage grab. A 
few minor weaknesses in the holder were 
brought to light in the production lamps, 
which have now been rectified, otherwise the 
lamps functioned very satisfactorily. 

Other prototype lamps have been supplied 
for trial by divers and the lamp as it stands, 
has now been accepted for the future diving 
lamp. 





Lamp alight underwater showing cone of 
illumination. 


Conclusion. 

The free flooded lamp fitting containing a 
special tungsten bulb has been used success- 
fully with underwater television at depths 
down to 600-ft., and although developed pri- 
marily for use with television, the lamp 
obviously has other possible uses. The appli- 
cation to diving has already taken place. 
There is underwater photography, both still 
and cine, in the latter case even a group of 
perhaps four of these lamps could be readily 
handled by a diver. 

The simplicity of the free flooded lamp 
being so attractive, it is felt that the range of 
lamps employing the principle must surely be 
extended in the future. Provided the re- 
quired depth of operation is suitable, any 
bulb fitted with a tubular neck on to which a 
sealing muff can be fitted, may be used in 
this way, underwater. As an example, a small 
hand held spot lamp was made up in the 
laboratory using a car headlamp bulb which 
had been made specially with an extended 
neck. A sealing muff moulded from Welvic 
plastic paste was made to contain the lamp- 
holder and seal to the bulb neck and cable. 
A car headlamp reflector clamped round the 
seal completed this crude looking but effi- 
cient underwater spot lamp which could be 
used to a depth of at least 1,400-ft., deriving 
its power from a 12 v. accumulator. This also 
has been accepted as the basis for a design to 
meet another diving light requirement. 
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New Deepwater Berth at Tsamkong. 

It has recently been announced that a new 
deepwater berth, capable of handling ships 
of up to 10,000 tons, has been completed at 
Tsamkong (formerly Kwangchow Wan) in 
the Liuchow peninsula of southern China. 
The wharf is fitted with cargo-handling 
equipment and warehousing facilities have 
‘been installed. A branch railway line links 
the port with the main railway system of 
China. 

It is intended to use the new berth at 
Tsamkong for the Chinese import-export 
trade with south-east Asia. 





Dock Labour Scheme 


Report of Committee of Inquiry 





The Report was published last month as a Command Paper 
(Cmd. 9813; 3s. 6d. net) of the Committee of Inquiry appointed by 
the Minister of Labour and National Service in 1955, under the 
Chairmanship of the Hon. Mr. Justice Devlin, to look into the 
operation of the Dock Labour Scheme and to advise what altera- 
tions, if any, should be made in it. 

Outlining the mode of approach to its task, the Committee states 
that its main business proved to be the consideration of the pro- 
posal by the National Association of Port Employers that the 
Scheme should be the subject of a major alteration. This proposal 
-—that the principle of joint control by both sides of the industry, 
which was the essence of the existing Scheme and which Mr. Bevin, 
who introduced it, firmly believed would in the end bring peace 
and satisfaction to the docks, should be replaced by control by an 
organisation representative of employers alone—is rejected and is 
dealt with at length in the Report. 

The Scheme is only concerned with the make-up and distribution 
of the industry’s labour force. It is not concerned with the terms 
upon which dockers are employed — these are settled by agree- 
ments made between the Employers’ Association and the Trade 
Unions concerned. It was for this reason and because the Com- 
mittee was not authorised to inquire into the industry generally 
that it did not investigate a number of communications in which 
complaints had been made of restrictive practices, the cost of 
labour and inefficient work in the ports. 


Origin of the Scheme. 


An account is given of the structure of the industry from the 
manpower standpoint, the events that led up to the establishment 
of the present Scheme are traced and the organisation and function 
of the National Dock Labour Board are briefly described. 

The demand for labour in the docks was characterised by sharp 
and sudden fluctuations arising from natural and other causes 
which were beyond the control of those responsible for organising 
the industry. Taking the country as a whole, in 1954 the number 
of workers needed when pressure of work was at its highest in the 
docks was about half again as great as when the demand was at 
its lowest ebb; in the smaller ports the variation was on a vastly 
greater scale. 

Besides fluctuations there is, however, another feature peculiar 
to dock work. Men are called upon to do a vast variety of jobs 
in different conditions every day. Moreover, their work in ships’ 
hold, on quay, in transit shed and in warehouse cannot be orga- 
nised as meticulously nor can it be supervised as closely as can 
factory work. The variety of jobs—indeed, the variety of the 
ways of doing the same job—is so great that “ average” or “ nor- 
mal” conditions are difficult to establish. Thus, there is not only 
the ever-present ovvortunity of demanding special payments for 
“abnormal ” conditions, but, as port officials know only too well, 
there are always ways and means of making conditions “ abnor- 
mal.” The point being emphasised is that the dock industry is 
different enough from other national industries to require special 
treatment. 

The report rightly states that the reasons why the Scheme came 
into existence is because employment is mainly casual but it is 
felt that in ignoring the fact that the conditions of dock work make 
it particularly vulnerable to abuses. the Committee has omitted 
to take into consideration a most important factor. 

Insecurity and half employment had always been the dockers’ 
lot before the war, and the Committee expresses the opinion that 
if at any time before 1939 the employers had prepared an effective 
registration scheme with provision for the payment of a guaran- 
teed wage, and had set up an organisation to that end, they might 
have been able to take control of that organisation without oppo- 
sition, and the men might then have been content with the ordinary 
machinery for consultation such as is accepted in other industries. 
The Committee was informed that such a scheme had been agreed 
upon in principle some two years before the outbreak of war but 
details of it had led to difficulties which had not been resolved by 
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the time war came. The employers were overtaken by the ever ‘s 
which led up to Mr. Bevin’s Dock !.abour (Compulsory Regist: - 
tion) Order, 1940, and the introduction, not long afterwards, of a 
scheme, voluntarily agreed by both sides of the industry, for a 
guaranteed payment of 7s. 6d. a “turn” for all registered dockc:s 
who reported for work at the “ call.” 


Operation of the Scheme. 

The operation of the Scheme is described at some length but 
view of the ample factual information which is already availat 
about it in the published annual reports of the National Do 
Labour Board, the Committee devotes its main attention to t 
novel features of the Scheme, such as casualisation, dual conti 
and the disciplinary provisions. 


Major Strikes. 

The Committee states that its investigations were dominated by 
the fact that the period during which the Scheme had been in 
cperation had also been a period of grave unrest in the industry. 
Having regard to the employers’ contention that unrest was largely 
attributable to the system of joint control of the Scheme, an analy- 
tical examination is made of the principal dock strikes which have 
occurred since the inception of the Scheme in the light of the 
conclusions reached by the various committees which had been 
appointed by Ministers to enquire into them. This has been done 
in an attempt to ascertain to what extent, if at all, the strikes could 
be attributed to the Scheme. 

The Report shows that three of the six maior dock strikes since 
1947 were in some way connected with the Scheme and that. in 
all, eighteen out of the thirty-five strikes (excluding trivial or minor 
disputes) considered arose out of decisions taken by a Iccal Dock 
Labour Board. These disputes, the Committee states. express dis- 
satisfaction, not with the provisions of the Scheme but with the 
decisions taken under them. 

The underlying causes of unrest are summed up as the recollec- 
tion of past sufferings, the tradition of solidarity, the close con- 
gregation of dockers in the larger ports (where trouble is easy to 
spread and most unrest occurs), Communist influence, dissatis- 
faction with Trade Union organisation and sometimes policy, 
inter-Union rivalry, resistance to obligations under the Scheme 
and impersonality and “remoteness” in that conditions in the 
industry had never permitted the creation of an ordinary human 
relationship between employer and worker which is perhaps the 
main factor making for peace in industry. 

Again it must be emphasised that the committee has discounted 
the peculiar conditions attending dock work, making supervision 
extremely difficult and often almost inviting men to put forward 
unjustified claims. 


Mass Indiscipline. 

Consideration is given to two suggestions regarding the way in 
which the Scheme can be used to deal with mass indiscivline. These 
contained in the Leggett Report and endorsed by the Employers at 
the Inquiry, were that provision should be made for the Scheme to 
be withdrawn or suspended during an unofficial strike: or alter- 
natively, that the Scheme should be amolified so as to enable 
persistent agitators to be dismissed from the industry. 

Both these suggesticns are rejected by the Committee. It regards 
it as unrealistic to talk of suspending the Scheme which, in its 
opinion, is now an essential part of the industry and is not less 
valuable to the employer than it is to the worker. As regards the 
alternative, the persistent agitator, it says, cannot be dealt with 
until the men who have followed him have been convinced that 
they acted wrongly in doing so; if they :hink that they have acted 
rightly, as they generally do, no men worth their salt will allow 
their leader to be singled out and punished without giving ex- 
pression to their disapproval of such action. Wherever such an 
attempt has been made it has led to further trouble. 

In the main the Committee comes to the conclusion that mass 
indiscipline has not been dealt with satisfactorily under the Scheme. 
and it is unable itself to recommend any amendment to the Scheme 
by which it could be satisfactorily dealt with. Unfortunately, the 
Committee does not regard this as a defect of the Scheme and 
remarks that the kind of conduct in question, for which “ indis 
cipline” is really a misnomer is not punishable in any other 
industry and could only be made so if the right to strike wer 
removed. 
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Dock Labour Scheme —continued 


The Committee states that the theory that mass indiscipline 
should be specially treated in the docks industry must “ be based 
largely on the proposition that since the Scheme confers peculiar 
benefits on the dockers, the employers are entitled to have by way 
of compensation peculiar disciplinary powers which they can in- 
voke in cases where employers in other industries would be power- 
less. This proposition is grounded on the misconception that the 
Scheme is to be looked upon as a concession granted to the 
dockers instead of the best means of solving the labour problems 
of the industry with advantages to both sides. If it is made use 
of as a strike-breaking weapon it will itself break. The time will 
come when the unofficial strike is more fully recognised as dis- 
creditable and is repudiated in the docks as well as in other indus- 
tries. Until it does the disciplinary provisions of the Scheme, which 
are primarily designed ito cover cases of individual indiscipline. 
must be used against strikers with as much restraint as in similar 
cases in other industries employers use the powers of dismissal.” 


Individual Indiscipline. 

The Report examines and rejects a proposal by the Employers 
that the maximum period of seven days’ suspension without pay 
permitted under the existing disciplinary provisions should be in- 
creased and that there should be an agreed code of penalties, 
including fines. In the Committee’s view the machinery for deal- 
ing with industrial discipline under the Scheme is at least as severe 
as in any other industry, and that there is no need for penalties to 
be increased. 

Yet the Committee agrees that, although the employers have 
scrupulously kept their side of all the bargains made in the 
National Joint Council, “ a substantial proportion of the men have 
not and the repudiation has been not once, but again and again.” 

It must be’ emphasised that this state of affairs is not just one 
factor in the matter under consideration. It is the essence of it, as 
will be more readily understood if one takes the viewpoint of the 
harassed and frustrated port operating official at a busy berth in 
any one of our major ports. As he sees it, too big a proportion of 
dock labourers, by unconstitutional behaviour, cause frequent 
serious disruptions of the work and the Scheme neither actively 
encourages them to behave otherwise nor demands that they shall. 
If he calls men to task for being late, finishing early, spelling, slow 
or careless working, refusing to honour negotiated agreements or 
backing illegal or extortionate monetary demands by stopping 
work, the men’s reply is, in fact, “‘ So what!” To be told that they 
will be reported to the Board for disciplinary action has little effect, 
for, if they are suspended from duty (and three or four days’ sus- 
pension is little deterrent), by the time the tribunal stage has been 
reached, the facts of the case can be denied and it often becomes 
a case of hard swearing with several men’s word against that of 
one. Moreover, unless the breach is extremely serious, there is 
always a Union official at the tribunal, not (in the men’s minds) to 
assist in administering justice and thus to further the proper opera- 
tion of the Scheme, but to “ get us off.” 

In this connection, consideration is given in the Report to a con- 
tention by the Employers that foremen dislike appearing before 
Appeals Tribunals and consequently turn a blind eye to many 
offences. The Committee considers that the position of foremen in 
the docks is not fundamentally different from that in other indus- 
tries, and that if foremen do in fact feel that they suffer from lack 
of authority, the defect is in the foreman and not in the Scheme. 

In general, the Committee were of the opinion that whatever are 
the Employers’ problems on discipline, the Scheme does not aggra- 
vate them. Few people with intimate knowledge of dock work 
would, however, support this contention. 


Weekly Workers, 


On the need for increasing the number of weekly workers the 
Report records that the progress being made is not unsatisfactory. 
At the end of 1955 some 16,900, or 21 per cent. of the register, were 
employed on this basis, as compared with 11,200 or 14 per cent. 
when the Scheme was started. 


Character of the Board. 


It is observed in the Report that the atmosphere on the Board 
seems to be smoother and more harmonious than on the National 


Joint Council though substantially the same persons are concerned. 
The difference in atmosphere is contrived by allowing the Board 
to deal only with matters on which fundamental policy is agreed. 
Members of the Board also act in a personal capacity, not as dele- 
gates of the Union or Association to which they belong. 

In considering the character and functioning of the National 
Board three matters, in the Committee’s view, deserve special treat- 
ment:— 


(a) Control of the register. The evidence showed this to be the 
only matter in which dual control had made itself felt and 
resulted in compromise solutions. The Report comments that 
it is natural that the two sides should look at this problem 
from different angles. 

(b) The Board as employer. It is suggested that, as the general 
employer, the Board should undertake all those activities that 
a good employer should for the comfort and happiness of his 
workers, but which in the nature of things cannot be done in the 
docks by the port employers. In particular the Board should 
take the initiative in suggesting changes in any procedure which 
gives rise to discontent even if it is of an industrial character. 
It is also suggested that the Board has a part to play in dealing 
with industrial unrest. 

(c) Representation on the Board. The difficulty that arises owing 
to the fact that there are more Unions involved than there are 
places for workers’ representatives on the Board is outlined. 
The Report does not. however, recommend any change in the 
present procedure. The long-standing disagreements as to the 
correct size of the lighterage and tally clerk’s sub-registers in 
London are dealt with and it is recommended that the Board 
should take all practicable steps to consult minorities when 
matters affecting their special interests are being considered. 


The Employers’ Proposals. 
Dual Control. 


The Report examines the Employers’ criticisms of the principle 
of dual control in order to assess how far they are justified by 
the facts: whether it has contributed to unrest in the industry, and 
whether the assumption of control by the Employers would allay 
unrest and improve the working of the Scheme. The first criticism, 
that dual control led to the ineffective working of the Scheme was 
not, in the end, strongly pressed, being later directed only to dis- 
agreement as to control and the size of the registers. 

The Report notes that jointly agreed solutions about the size of 
the registers were frequently the subject of unofficial strikes, but 
points out that a stronger decision taken by the Employers alone 
would inevitably have called up stronger opposition. In the Com- 
mittee’s opinion dual control is the best way of solving labour 
problems of this sort in the docks, and it saw no grounds for dis- 
satisfaction in its working to date. 

Divided Loyalty. 

The second criticism was that the Scheme divided the loyalty of 
the Trade Union representatives between the Board and the men. 
Insofar as it related to the position of the Trade Union leaders 
themselves, the Committee comments that the position of those who 
serve on the Boards is not so very different from that which they 
occupy on industrial joint councils. ‘ 

In considering its effect on the membership of the Union the 
Report examines the arguments put forward by the Emplovers 
alleging that, particularly as regards the administration of discip- 
line, the presence of their Union leaders on the Board is widely 
resented by the men. The Committee suggests that the Em- 
ployers’ case is based on a confusion of two things, namely, parti- 
cipation in the Scheme and co-operation with the employers. The 
Report states that if any docker dislikes Trade Union participation 
in the Scheme the Committee has not found it anywhere recorded. 


Impersonality. ° 


In considering the charge of impersonality the Report points 
out that the Scheme did not break off any relationship previously 
existing between employers and dockers as there was none. The 
Employers’ case was that the Scheme provides the framework for 
such a relationship by setting up a compact body of men with 
whom it can be developed. On this point the Report comments 
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that if there is to be a human relationship it must be attracted 
by a human being. A board composed entirely of Employers’ 
representatives would be just as impersonal as the present Board, 
and its impersonality would be even less attractive to the men. 

The Committee thinks that the Employers are confusing the re- 
lationship between an emplover and his own men, and the relation- 
ship between two sides of an industry — the one a human 
relationship and the other a matter of bargaining and not a matter 
of loyalty. What is new in the Scheme is the thought that two 
sides of the industry wil! get on better with the management of 
the labour force if they think of themselves as partners rather than 
bargainers. 

The Committee concludes that the decision to base the Scheme 
on the idea of partnership was sound ‘n principle and, even if it 
were not, it cannot now be remedied on the lines suggested by the 
Employers. “In our opinion there is not even a reasonably good 
chance that the Employers’ proposals could now be successfully 
introduced and worked.” 

Regarding the future of the Scheme, the Report finds that after 
eight years working there is much to be put to its credit and none 
of the grave unrest that has occurred can be put down to any 
provision of the Scheme that has turned out to be unworkable. 

The Committee believes that the decision to base the scheme on 
the idea of partnership was sound in principle but do not think that 
the principle has been put into practice. “ The employers’ belief 
that there are two sides to the industry—themselves and their work- 
people—with a barrier interposed between them, is a false one,” the 
Committee states, “there are, in truth, three elements—the em- 
ployers, the responsible majority and a third force, the bulk of 
which consists of those who wrongly confuse acceptance of the 
responsibility inherent in joint control with abandonment of the 
Union function of furthering the day to day interests of dock 
workers.” 

These statements are, no doubt, accurate but seem only to em- 
phasise that the scheme as it stands is not constitutionally strong 
enough to work satisfactorily. The Committee does not believe 
that however. In amplifying that the solution to the problem of 
unrest lies in the full and proper application of the Scheme’s prin- 
ciple of dual control, they emphasise how necessary it is for the 
Board, the Emplovers, the Unions and the supervisory staffs at the 
berths all to be able to play their parts. 

As regards the Employers, the Report expresses the hope that 
they will if the Report is accepted. embrace the spirit of the 
Scheme (as they have alreadv accepted it in the letter) as an asso- 
ciation of equal partners pooling their ideas for keeping the labour 
force contented and happv. It insists, however. that if the Em- 
ployers will embrace the Scheme in this spirit it is imperative that 
the Trade Unions leaders should meet them more than half-way. 

Reference is made to the industry’s bad record of strikes, fre- 
quently relating to matters that are no concern of the Emplovers, 
which have subjected the Employers to serious injury. The Trade 
Union leaders proposed no means of dealing with the problem of 
unrest and have given the Committee. as well as the Employers, 
the impression that they have not sufficiently considered whether 
there are any such means. The Report insists that sacrifice of 
powers must be mutual and as the Unions have been given a share 
of the management of labour, which in ordinary industry belongs 
to the employers alone so, they should admit the Employers to a 
share in the functions and duties which in ordinary industry belong 
to the Trade Union alone. 

The Committee suggested that there should be a renewed 
attempt to settle the troubles of the industry and that the driving 
force behind it should be a new sense of equal partnership, with 
the Scheme as the articles of partnership and the Board the svmbol 
as well as the instrument of unitv. It does not suggest any depar- 
ture from the principle that the Board should be used only for the 
execution of agreed volicies but that the Board as an institution 
has potentialities far beyond its present activities. A new and more 
powerful spirit of co-operation giving a wider field of agreement 
on policy could enrich the work of the Board so that it became 
@ positive force for good. It also points out that as a means of 
educating the dockworker as to his responsibilities the Board is 
in a better position than either the Employers or Unions alone. 
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In the Committee’s opinion, therefore, if the Scheme is to 
made to work satisfactorily, each party to it has got to contribu : 
more. The Board, they suggest, has potentialities far beyond : s 
present activities. Regarding the attitude of the Employers, th: , 
state “ the docker has two qualities which, if they can be captur: | 
and used will prove decisive. The first is his sense of pride in t! e 
industry which he serves, the second is his sense of loyalty. If tie 
Employers demand loyalty as partners and not as benefactors, th: 
may get it.” Regarding the Unions’ part, the report states, “ the 
scheme is more than an arrangement for the benefit and protection 
of the labour force; it is also a compact from which the Trades 
Union side has several times defaulted.” and regarding 
supervisory staff—‘“ We think that the employers would be more 
successful in getting good discipline by cultivating a higher stand- 
ard of foremanship than by making stronger use of the penal 
powers of the scheme.” 

These arguments are persuasive. Despite them, however, the 
port operating official will not be able to prevent himself wondering 
how long it will take for enough Union officials to learn to act not 
only as the men’s representatives and advocates but also (and just 
as energetically) as part-managers of the labour force in a vital 
national industry—and how long it will be before the demand for 
loyalty as partners and the persuasion of understanding foremen 
will produce a constitutional attitude of mind, even if strong 
appeals are made to the dockers’ sense of loyalty and his pride in 
his industry. 

There is something lacking in the Report. 
approached the problem only academically. 


The Committee has 


Consideration of Minor Amendments. 


The Report examines the various suggestions put forward by 
interested parties. The suggested amendments were: 

(1) Delegation of certain functions of local Boards. While the 
Committee felt that there is no objection to giving the local 
Board power to delegate any of its powers to a Committee of 
itself and that some measure of delegation of minor disciplin- 
ary functions to the Manager is desirable the terms of the 
amendment already discussed and agreed by the National Joint 
Council on this subject are too wide and should be recon- 
sidered. 

(2) Appeal Tribunals. The Committee rejects the Employers’ 
proposals that the Tribunals should consist of an independent 
Chairman with an assessor from each side of the industry and 
that the tribunal should have power to award an increased 
penalty. It does not recommend any alteration to the consti- 
tution and powers of the tribunals. The Committee has, 
however, in dealing with delegation suggested that, while 
appeals might 10 certain cases be determined by the local 
Board and not go to an Appeal Tribunal, Appeal Tribunals 
might be kept alive for dealing with cases of dismissal. 

(3) Penalties for Employers. A suggestion by both sides of the 
industry that the disciplinary penalties for employers should be 
amplified to include a power to fine is recommended for 
acceptance. 

(4) Suspension of the Scheme. As already indicated above, power 
to suspend the Scheme during an unofficial strike is not re- 
commended. 

(5) Overtime. The Committee advises against the amendment of 
Clause 8 (5) (b) of the Scheme to include a specific reference to 
overtime, such as was suggested by the Employers. 

(6) Pensions. No recommendation is made in respect of a pro- 
posal by the Unions that the Scheme should contain a pro- 
vision for the payment of pensions. Pending the formulation 
of any agreed pension scheme the Committee regards this as 
essentially a matter for industrial negotiation. 

(7) Non-Scheme Ports. On a suggestion by the Unions and the 
Board that certain ports at present outside the Scheme should 
now be brought within it the Report agrees that the list of 
ports covered by the Scheme should be reviewed and recom- 

mends that when the time comes for the draft Order for the 

amendment of the_Scheme to be prepared it should be drafted 
in terms which permit objections to be made to the list of ports 
already covered. 
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Dock Labour Scheme—continued 


(8) Classes of Dockworkers within the Scheme. The Report re- 
commends that these classes should now be more particularly 
defined and suggests that there should be a schedule specify- 
ing in relation to each port the classes and description of dock- 
workers which are subject to the Scheme. 

(9) Cold Storage Undertakings. It is recommended that the claim 
of certain undertakings to be excluded should be the subject 
of further inquiry and suggests that this should be done by 
preparing the draft Order in a form which enables interested 
parties to object to the provision in so far as they relate to 
cold-store undertakings. 

(10) Work in connection with Timber Cargoes. A recommendation 
similar to that made in the case of cold-store undertakings is 
made in view of the difference of opinion on the wording of 
Appendix II to the Scheme. 

(11) The Register and Membership of Trade Unions. The Report 
does not recommend that the Scheme should be amended so as 
to include an express provision that membership of a Trade 
Union should not be made a condition of entry into the 
Register. 

As will be seen, no fundamental change in the Scheme is re- 
commended. The Report is a negative one and will be disappoint- 
ing to those who have to operate the nation’s ports. 





Book Reviews 


The Ultimate Load Theory Applied to the Design of Reinforced 
and Prestressed Concrete Frames. By Professor A. L. L. 
Baker, D.Sc., M.I.C.E.; 90 pp. with illustrations. Published 
by Concrete Publications, Ltd. Price 18s. 


The design of reinforced and prestressed concrete structures by 
the Ultimate Load method has been in use in some Continental 
countries for several years, and there is little doubt that this method 
will be permitted in the Codes of Practice for Concrete that are 
now under revision for early publication in Great Britain and the 
U.S.A. The feature of the ultimate-load method of design is that 
it is based on the load causing failure of the whole structure instead 
of the elastic theory now generally used. This book is probably 
the first work published in the English language on design pro- 
cedure according to the ultimate-load method. It discusses the 
probability of failure and its effects, and describes how a suitable 
factor of safety can be decided upon. The conception of plastic 
hinges enables full use to be made of the economies that are pos- 
sible by the ultimate-load method of design, and is fully described 
in this book. 





Structural Aluminium, 150 pp., published by the Northern Alumin- 
ium Company, Limited. 


By comparison with steel, aluminium is a newcomer to the field 
of structural engineering, despite the fact that its strength combined 
with low weight and good corrosion resistance make it a good 
structural material. Not so many years ago, in fact, the approach 
to structural design in aluminium was still tentative. Now, how- 
ever, with the experience of a large number of light alloy structures 
to draw on, and with practical knowledge reinforced by extensive 
research work, certain basic rules and principles of aluminium 
design can be put forward with confidence. 

This is not to say that design in aluminium has yet reached a 
final or standard approach similar to that familiar to the user of 
steel. There is still wide scone for improvements and modifica- 
tions, but certain principles, particularly regarding the choice of 
alloys, are well established. 

This handbook deals with aluminium from the viewpoint of the 
structural engineer, detailing the properties and characteristics of 
the material, and giving guidance on the use of the structural 
alloys. Against this general background, a design chapter presents 
nositive methods for using not only the better known basic data, 
vut also the results of the considerable research and experience of 
he last ten years. It is emphasised that in mechanical properties, 
ind in the forms in which it can be used, aluminium differs widely 
rom steel; an approach to design based on the mere substitution 
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of aluminium for steel, and governed by the conventions of steel 
practice, is therefore unsound and will lead to unnecessary weight 
and cost. An aluminium structure must be treated as such from 
the start if it is to be efficient. 

Experience with structural aluminium has led to the general 
adoption of one alloy, Noral BSISWP (H30WP in the British 
Standard 1470 series), and this is therefore given prominence in the 
handbook; the working formulae, although applicable to other 
alloys are directed to it specifically. Compression instability prob- 
lems, more significant in aluminium owing to its comparatively low 
modulus of elasticity, are comprehensively treated, and the equiva- 
lent-slenderness-ratio is put forward as a convenient and direct 
method of dealing with them. 

With its notes on welding, riveting, corrosion resistance and 
fabrication, “ Structural Aluminium” can be regarded as a self- 
contained and comprehensive handbook, and the information 
provided in the form of tables, which include details of the efficient 
structural sections developed for aluminium, is extensive. 


Ports of the World, 10th Edition, published by The Shipping 
World, Ltd., London, W.C.2. Price 80s. post free. 

The 1956 edition of this book gives the usual details of facilities, 
accommodation, charges, repairs, pilotage, towage, bunkers, 
officials, etc. Wherever possible, the new details have been inserted 
of any port building, restoration and modernisation which has 
taken place during the past year. An important feature intro- 
duced in the ninth edition and further developed in this edition is 
the inclusion of a series of line drawings showing the layout of 
certain overseas ports. It is hoped that these drawings will be of 
considerable assistance in interpreting those complicated port 
charges which refer to sections of a port, and it is intended to still 
further expand this feature in later editions. 

All sections have again received routine revision and expansion, 
and among the changes are included the withdrawal of some over- 
seas harbours now regarded as out of work, fresh information on 
Central American ports, and the movement of Irish ports to the 
European section, leaving the U.K. section less unwieldy. 





Manufacturers’ Announcements 


Portable Flashing Obstruction Light 


A new system for marking obstructions, consisting of five syn- 
chronised flashing lights, has been manufactured by Messrs. 
Londex Ltd., of London, S.E.20. 

With certain obstructions it is essential that they are marked by 
a number of lights, and it is only when these lights are flashing 
in synchronism that the obstruction is apparent immediately. 
Individual flashing lights can lead to confusion. 

















Typical uses include the marking of parked aircraft, road works, 
quayside obstructions, “etc. 

An installation utilising a master unit and slave lights is con- 
siderably cheaper initially and in running costs than a series of 
independent warning lights. 

This system provides a simultaneous flash on the master unit 
and up to four slave lights. The high intensity flash is at a fre- 
quency of 60 per minute, although other rates can be provided. 





THE Dock AND HARBOUR AUTHORITY 


August, 195¢ 


Manufacturers’ Announcements—continued 


The master unit houses batteries. flasher and light tube and a 
switch on this unit controls all the lights; it is protected by an easily 
removable waterproof cap. 

Each slave unit comprises a ligiit tube and housing mounted on 
a cable connection box. The required number of slave lights is 
connected in series to the junction box which is fed from the 
master unit. 

A life of 400/500 hours can be expected from two 6v batteries 
with a master and four slave units working at full brilliance. 

The light source is a special Londex cold gas discharge lamp, 
and while a natural red tube is normally used for obstruction work, 
green and white are also available. 

The master unit is supplied complete with a length of cable to a 
waterproof plug and socket and thence to a junction box. For 
interconnecting the junction box and slave units in a series loop 
a high voltage TRS cable, single core 7/.029-in. is suggested. This 
is suitable when the slave units are placed up to 50-ft. apart. 

If required, the slave units can be supplied completely wired 
with cable, ready for plugging into the master unit. 


Dry Powder Fire Extinguisher 


Nu-Swift Ltd., the manufacturers of fire fighting equipment, re- 
cently announced the conclusion of an agreement with the Safety 
First Products Corporation of Elmsford, New York, for Nu-Swift 
to manufacture under licence and sell in many countries through- 
out the world, the patented Safe-[-Meter Dry Powder Extin- 
guisher of advanced design, made and marketed in the North 
American Continent by the Safety First Products Corporation. 

Since the war great strides have been made in the design and 
operational efficiency of Dry Powder Extinguishers, particularly 
in the United States and Germany, and those of the Safe-T-Meter 
design are claimed to possess outstanding advantages not only, in 
some respects, over CO, and foam extinguishers, but also over 
other types of dry powder extinguishers. 

The manufacture of the extinguishers and the powder will take 
place at the Nu-Swift factory in Yorkshire. It will, however, be 
some months before the equipment will be available. 


Watchman’s Portable Clock 


A new Watchman’s Portable Clock has been developed jointly 
by English Clock Systems and Smiths of England. The principle 
of the system is that small station boxes containing numbered 
keys are secured at selected points around the building. By the 
watchman turning each of these keys in a portable clock, the station 
number (printed red) and the time at which it was visited (printed 
black) is recorded on a tape inside the clock. The portion of the 
tape already printed can easily be removed from day to day for 
checking, and each tape accommodates over 1,750 recordings. 

The clock is of a very neat design and only weighs about 4 Ibs. 
It is fitted into a leather carrying pouch complete with shoulder 
strap and can only be opened by a Master Key. It has an 8-day 
movement needing no supervision during week-ends and holidays. 
The use of this new clock system is not only confined to the night- 
watchman on factory premises, but it can also be used by fire- 
protection personnel, night-watchmen at banks, large departmental 
stores, ships and dock areas, etc. 


Fork-Lift Trucks in Ships Hold 


Experiments, using fork-lift trucks for movement of cargo in the 
holds and in the ’tween deck spaces in ships, have recently been 
carried out at the Avonmouth Docks, Bristol. The Bristol City 
Line is now continuing these experiments using a “ Hyster” fork- 
lift truck, which has a lifting capacity of 5 tons, is sturdy, has 
large wheels, a low centre of gravity and pneumatic tyres, all of 
which make it highly manoeuvrable when working in confined 
spaces. 

"io some considerable time past cargoes of raw materials, tin- 
plate and steel-plate coils, weighing between 3 and 5 tons each, 
have been loaded at American ports by fork-lift trucks. Realis- 
ing that this practice is economical and has the great advantage 
of minimising risk of damage to the steel coils which are being 


imported into this country for motor body manufacture, the Bristc 
City Line aranged for an American-made fork-lift truck, capabl 
of lifting 10,000 Ib. in weight, to be sent over for test purposes. 
_ The Hyster truck has so far satisfied most of the tests to whic 
it has been subjected, and it is stated to be the intention of th 
Company to equip all their ships with one sailing from port t 
port. 

The truck is manufactured by Hyster, U.S.A., British agent 
Bowmaker (Plant) Ltd., Honiton, Devon. 


Wire Belt Sling for Heavy Lifts 


A new cargo handling device which has only recently bee: 
placed on the market, the ‘“ Wedco” Wire Belt Sling has already 
created considerable interest, and several Petroleum companies 
are now using them. 

The Belt Sling is fully articulated so that there is no flexure 
of the wires used in its construction, with the result that metal 
fatigue is reduced to a minimum and a long working life is 
assured. The transverse construction of the spiral wire loops which 
make up the belt prevent excessive wear on individual wires and 
even if one or more of the wires break, the Sling will continue 














to function because the resulting slack is absorbed by the rest of 
the belt. The standard range of Slings uses heavy duty 10 gauge 
steel wire fabric suitable for the majority of applications, although 
for special applications Slings can be supplied in different fabric 
meshes in a variety of materials. 

Each Sling is given a record number, stamped on a metal name- 
plate which also gives the safe working load in tons and the date 
on which the sling was subjected to a proof load of twice the safe 
working load. The construction of the belt eliminates kinking or 
tangling and permits the Sling to bend easily round articles of 
small diameter. The handles are designed so that either a basket or 
a choke hitch may be used. Greater width of Sling for a given 
load carrying capacity provides better load balance and gripping 
power, and owing to the fact that the load being handled has a 
greater area on which to distribute its weight, the danger of dam- 
age to the load is reduced to the minimum. 


CRANES FOR SALE 


GREENOCK HARBOUR TRUST 


Tenders are invited by the Greenock Harbour Trust for the purchase of two 
Steam Locomotive Cranes built in 1901 by Messrs. George Russell and Co. 
Ltd., both with a lifting capacity of 5 tons at 25 feet radius, and with a lift of 
29 feet, the effective jib length being 35 feet. The boilers are coal fired, 
and are in good order. The cranes are mechanically sound. 

The tenders shall be for the Cranes as they stand on the site. They may be 
inspected by appointment with the Genera] Manager and Engineer, Custom 
house Quay, Greenock. 
Harbour Offices, 
Customhouse Quay 
GREENOCK. 








DONALD SMITH, 
General Manager and Engineer 





